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~ EVALUATION

The work descr ibed in the f inal t echn ical report and the addendum

• repor ts, one and two, representE a signif icant accomplishment in

establishing parts of the fram ework of an on—l ine software programming

environment.

The NLS system represents a signif icant programming tool that can

be utilized to develop software programs. The high cost of developing

• software has been established in numerous studies. One way of reducing

• this cost is to develop standard programming env ironments. Parts of

these programming env ironments will require sophist icated on—line

debuggers. This ef for t  establishes the feas ibility of one such debugger

for JOVIAL language programs .

The addit ions to NLS described in this effort also prov ide the

• types of capabilities that must be present in a standard soft~~re

• programming environment.

The result of this effort has been to extend the capability of

tools needed In a soft~~ re programming environment and establish

procedures and methods for their Implementation. •.. . -.. . •. 
-
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i n t r o d u c t i o n

• O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
• F i n a l  l ec hn i c a l  f e p o r t

Augmentation hesouroes Center , Tymshare , incorporated 1

I n t r o d u c t i o n  2

This report is submitted in fulifiliment of’ lasg/Technical fe—
quirem ent 4.1 .1 of the On— Line Programmers ~ianagemen t ~,ystem
project ( K A L C  — Sf1 Contract Number F30602— 77—C— c185; Shl —

lymshare Subcontract Number 14394). The Statement of bork said
in part : 2a

TASKs At~D TEChNiCAL R E ~~U l F i E N~.h15 2a1

4.1.1 Develop a list of additions and modifications to
the NLS family of tools to create an on—line programmin g

H environment based on the iBM evaluation of ~L S ’ s program—
H sing envir onment , the ibM Structured Programming Series ,

and the contractors own suggestions. 2ala

4.1.2 Upon receipt of written approval from the con—
• tracting officer , or of his authorized representative ,

implement the approved suggestons from the list. 2alb

4.1.3 Demonstrate a Jovial interactive debug e
utilizing: 2alc

4. 1 .3 . 1  L a n g u a g e  m o d u l e  ( L M )  ar.d operating system module
• (CS) for POP — iC 2ald

4.1.3 .2 Jovial compiler on PO P— iD 2ale

4.1.3 .3 Ah PA Network 2alf

4.1.3.4 NLS/NS~ Do—All Debugger (DAD) 2alg

• NEPORT1NO RECiJIh EMENTS 2a2

—— An i n t e r i m  technical report describing the results of’
t he  s o f t w a r e  e n g i n e e r i n g  t o o l s  s t u d y ,  i n c l u d i n g  an or-
dered list of recommended additions to NLS. 2a2a

• —— A final technical report. 2a2b

This is the report mention ed immediately above. 2b

• Cn-Line Programmers ~anagem ent System:
r i n a l  T e c h n i c a l  R e p o r t

— .1 i• __.~~— . ,~..~a- ’- ’— - ‘-~~‘ S ._ . 1Aà ,.. - ~~~~~~~~ ‘&~t • 
_
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Summary

S u m m a r y  3
As r e q u i r e d  by the  S t a t e m e n t  of ~ork , we have  c r ea t ed  a v e r s i o n
of t he  ARC Do—All Debugger (DAD) for use with programs written
in Jov ia l  and w h i c h  are  c o m p i l e d  on t h e  DEC P D P — 1 0  r u n n i n g
under the TENEX operating system. Attached is a user  g u i d e  to
this new Jovial DAD (JDAD). 3a

in the interim Technical Report for this project submitted on
• 17 January 1979 as ARC Journal document (46236 ,), we presented

an ordered list of additions and modifications to NLS program-
ming tools. Since then we have worked on and completed the

• following of those recommendations: 3b

i. Enable NLS to start DAD and JDAD. 3b1

2. Encapsulate the JOV iAL compiler. 3b2

3. Document the encapsulation facility. 3b3

4. Generalize the PROGRAMS subsystem and its templates. 3b4

Additionally, we have created a detailed design for the follow—
• ing task: 3c

5. An i n t e r a c t i v e , c o n d i t i o n a l , i t e r a t i v e  Process  sy s t e m .  3d

• The  f i r s t  f o u r  of t he  t a sks  h a v e  r e su l t e d  in sy s t e m s  and tools
w h i c h  were  d e m o n s t r a t e d , a long  w i t h  t he  JDAD d e b u g g e r , to the
t e c h n i c a l  m o n i t o r  of t he  p r o j e c t  at A R C  in C u p e r t i n o  d u r i n g  the
week  of 25 A p r i l  1979 .  These  t a s k s  are  d iscus sed  in t h e  fol-
lowing sections of this report. The last section of this re-
port is a glossary of terms that may be unfamiliar to readers.
it is recommended that any reader unfamiliar with NLS or TENEX
terminology read the glossary before reading the following sec-
tions. 3d

On—L ine Programmera Management System:
Final Technical Report
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Tasks  C o m p l e t e d

Task 1: Spliceable DAD

Detailed Discussion of Tasks Comp leted 4

Task 1: ~.nable NLS to start DA D and JDAD : A “Spliceable ” DAD .

introduction 4a1

A facility was added permitting the DAD and JDAD
debuggers to “splice ” themselves into the fork structure
for an already executing program. Before this feature
was available , DAD or JDAD (which , for simplicity, will
be called tJ)DAD in the following) had to be started at
the Exec level; from the debugger , it was then necessary

- • to  start the programs to be debugged . 4am

Under the new facility, a user would cause an executing
p r o g r a m  to be interrupted , e.g., via control—C , and issue
a special command to the Exec. The command would result
in [JIDAD being spliced into the proper place in the
interrupted program ’s fork structure. 4alb

As an example of the benefits of such a facility, con—
sider a non-programmer doing normal work in some program.
An unexpected bug may be encountered. That user may then
call in a programmer who could access [J]DAL to investi-
gate the bug with most of the bug ’s context intact. 4alc

Tasks Performed to Create a Spliceable LIPID or ~DAD 4a2

The TENEX Exec was modified to create a new EJ]DA D com-
mand which would splice in an instance of the [J)DAD pro—
gram b e t w e e n  t h e  EXEC f o r k  and i t s  s u b s i d i a r y  f o r k s
( w h i c h  p r e s u m a b l y  are  r u n n i n g  a p r o g r a m  w h i c h  one or more
p r o c e s s e s / f o r k s .)  A f t e r  s p l i c i n g  in [ J ] D A D , e x e c u t i o n
would begin at a net. entry point which would cause the
new [J)&AD c-ode described below to be executed. 4a2a

The [flDAD Dispatch Module (which performs bookkeeping
o p e r a t i o n s  on t~.e i nt er n a l  [J)DAD data structures con-
c e r n e d w i t h  t h e  p rocesses  b e i n g  d e b u g g e d )  and  t h e  [ J ] D A D
O p e r a t i n g  Sy s t e m  M o d u l e  ( w h i c h  interfaces [ J J & A D  to spe-
c i f i c  o p e r a t i n g  s y s t e m s , in  t he  c u r r e n t  case  T E N E X  and
I O P S - 2 0 )  were  m o d i f i e d  so [J)DAD could begin execution at
an a l t e r n a t e  e n t r y  point. If s t a r t e d  at t h i s  e n t r y
p o i n t , [ .f lDA D w o u l d  q u e r y  t h e  op e r a t i n g  s y s t e m  fo r  i n f o r -
m a t i o n  c o n c e r n i n g  p roces se s  in  t h e  f o r k  s t r u c t u r e
underneath it and the particular states of those forks. 4a2b

[J)DAD then establishes states of the forks and their

Cm— L ine Programmers Management System:
F i n a l  T e c h n i c a l  h e p o r t
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Tasks  Comple ted

Task 1: Spliceable DAD

pro g rams in its in terna l data s t r u c t u res com para b le to
the states which would exist if the program were ini-
tially executed under (J]DAD and the programmer had typed
the control—L interrupt character to enter the debugger. 4a2c

• After its intial polling of fork status information and
state determination and establishment , [J]DAD may be con—
tinued in its usual fashion to set breakpoints , examine
and change code , and in general perform its usua l
debugging tasks. 14a2d

.1

On— L ine Programmers Management System:
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Tasks Completed

Task 2: Encapsulating the JOViAL Compiler

Task 2: Encapsulate the JOViAL ccmp iler.

Once the JOViAL compiler is encapsulated , JOViAL source code
programs that are in NLS files may be directly compiled with
a v a r i a t i o n  of t h e  P R O G R A M S  s u b s y s t e m ’ s C o m p i l e  F i l e  c o r n —
mand , without the user directly having to go through inter—
mediate steps involving a sequential file (as is presently
t he  c a s e ) .  A l so , t he  e n c a p s u l a t i o n  of t h e  J O V i A L  c o m p i l e r
will allow the use of ’ t he  L 1E R A R Y  s u b s y s t e m  f o r  s e m i —
automatic JOVIAL compilations. 4b1

Under the stategy implemented , source code for JOViAL pro—
grass is composed and edited in AUOMEN T. The “Compile
JOVIAL ” command is then invoked creating a temporary sequen-
tial file (invisible to the user). The encapsulated JOViA L
compiler is executed , using this sequential file as input ,
and also using switches which may be • set as options to the
command. Object code is compiled to the specified location ;
error messages and diagnostics are entered into the desired
locations. 4b2

The following is the syntax for the comm and (extracted from
the Command Meta Language grammar of’ t he  d e m o n s t r a t i o n  s y s —

• t e r n ) :

“ C O M P i L E ”  14b 3a
<“jovia l program in file ”> 4b 3a1
LSEL(#”CLDF1LEI ’4AME”) % t h e  s p e c i f i c a t i o n  of t h e  AUG-
M E N T  J O V I A L  sou rce  code  f i l e  ~ 4 b 3 a 2
< “ t o ”> 4 b 3 a 3
LS~~L ( # ” T E X T ” )  % s p e c i f i c a t i o n  cf the  n a m e  of t he  ob-
ject code file % 4b 3a L.
[OPT iON (“en t e r  sw it ches ”> 4b3a5

getswitches ~ a n y  n u m b e r  of s w i t c h e s  as o u t l i n e d
be low m a y  be s p e c i f i e d  ~~J 4b 3 a 5 a

[ O P T i O N  (“ c o m p o o l  f i l e n a m e ”> LSEL (#”1EX ’I”)~ 4b3a6
C O N F I R M  4 b 3 a 7

• The following are valid switches: 4b3b

(“CRCSSREF”/ “ACRCsS”/ “ S Y N ’ l A X ” /  “ 1 N D E N T ” /  “ H B C ” /
• “s1A~ l$1lCS”/ “MAC FiOCODE”/ “LOhSEG” / “hlSEG”/

“ N C N E S I ” /  “lSD”/ “NCPT”/ “L1SICCP’L”/ “NG’ SuURCE”/
“ O E F l t . E ” /  “ N O T R A C E ” /  “ N G 1 N F C F t M ” /  “ N O h A K N I N G ” /  “h i s —
S 1ON”/  “ N G B A C K ” /  “ R X G h S T A T ” /  “ K A l O ” /  “ K I l O ” /  “N A G 1 C ” /
“ A S S E M ” )  4 b 3 b 1

• O n — L i n e  P r o g r a m m e r s  k a n a g e m e n t  S y s t em :
• Final Technical Report
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Tasks  Comple t ed

T a s k  3: E n c a p s u l a t i o n  F a c i l i t y  D o c u m e n t a t i o n

Task 3: D o c u m e n t  the  e n c a p s u l a t i o n  f a c i l i t y .  4c

introduction 4c1

Encapsulation is a technique used to enable a process to
c o n t r o l  the execution environment of other processes.
The controlling process does this by declaring that it
w i s h e s  to trap selected system calls (JSYS’ s) when exe-
c u t e d  by o t h e r  processes. hhen a monitored process
a t t e m p t s  to e x e c u t e  a system call that will be trapped it
is s u s p e n d e d  and t he  m o n i t o r i n g  process is notified.
A f t e r  g a i n i n g  c o n t r o l  t he  m o n i t o r i n g  p rocess  may  t ake  any
a c t i o n  it deems neccessary. It may  hand l e  t he  call, it-
self or it may allow the monitored process to perform the
call or it may modify the arguments to the system call
before it is handled. 4cla

This discussion here concerns taking a process which cur-
reritiy runs under TENEX or TOPS—20 and encapsulating it
under AUGMENT. The purpose of encapsulation in this set-
ting is to allow a user to run a process not currently
prov ided directly in the AUGMENT environment , perhaps
using AUGMENT files as input to the process and providing
e n t r y  v i a  A U G M E N T - s t y l e  c o m m a n d s .  4 d b

- • Description of Encapsulation Technique 4c’ 2

There are three things that need to be done in AUGMENT in
order to encapsulate a process designed to run under

- - T E N E X . or TOP S-20: 4c2a

1. A correspondence table specifying each JSYS to be
trapped and the address of the procedure which will
handle the trapped JSYS must be included as a global
declaration . The table below specifies that the
thr ee JSYS ’ s BOUT , GTJFN , and PBLU’I will be trapped by
hL~ and they will be handled by procedures named
BO U THND LE R , GT J F N F i N D L E R , and P & C , U T H N D L E R  r e s p e c t i v e l y .

• The table must end with —1 , — 1). 4o2a1

EXAMPLE: 4c2a2

% j s y s  h a n d l i n g  c o r r e s p o n d e n c e  t a b l e  % 4 c 2 a 2 a
D E C L A R E  4 c 2 a 2 a 1
j t r a p s  ( 4 c 2 a 2 a 2

~pbout , tpbouth ndler , 4c2a2a2a
$bout , *bouthndler , 4c2a2a2b
$gtjfn , $gtjfnhndler , 4c 2a2a 2c

O n - L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
Final Technical Report
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Tasks Completed

Task 3: Encapsulation Facility Documentation

— 1 , — 1); 4c2a2a2d

2. Write code ~o start up the specified process in an
inferior fork. 4c2a3

• The steps to do this are: 4c2a3a

a.) First create the for~ and load the process
that is to run in the fork. This is done by
first calling the backer i d procedure CR FOHK with
no arguments. CF (FORK will return a fork handle
number which must be saved for later procedure
calls. The process is then loaded into the new
fork’ s address space by a call on GTFKF1LE . The
arguments for CIIFKFILE will be the fork handle
number and the JFN of’ the save file to be
loaded. 14c2a~ a1

b.) Define which JS~ S’s are to be trapped and
what procedure is to handle the jsys when the
interrupt occurs . ‘Ibis is done by calling the
backend procedure DEF INETRAPS with the address
of the jsys correspondence table as its argu-
m ent . which modifies two NLS tables: B1TTAELE
indicates which JSIS’s are to he trapped by set-
ting the appropriate bit and DTAbLE indicates
the address of the procedure to be called when a
particular jsys is trapped. 14c2a3a2

• c.) Call the backend procedure SEITHAPS with
the fork handle of ’ the prccess being
encapsulated , a channel number over which

-• interrupts will be transmitted to the contro ling
fork , ana the desired interrupt level as argu-
ments. 14c2a3a3

• d.) Save the terminal characteristics i n  case
the encapsulated process changes them by calling
the backend procedure ~AVE TRM . This proct~dure
will return three results which must be saved
for a later procedure call. The results are:
the terminal mode word , terminal output control

• word one and terminal output control word two. 4c2a3a4

e.) Wait for the inferior fork to finish by
calling the backend procedure WA ITr ’HK with the
fork handle as its argument. 4c2a3a5

On— Line Programmers Management System:
Final Technical Report
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Tasks  C o m p l e t e d

Task 3: Encapsulation Facility Documentation

f . )  C a l l  t h e  b a c k e n d  p r o c e d u r e  C L E A N U P .  T h i s
procedure will deactivate the channel connec-
tion , z ero ou t B I T I ABLE an d DTABLE , kill the
inferior fork , and release the JFN of the say
file. 4c2a3a6

g.) Restore the terminal characteristics by
c a l l i n g  the  b a ck e n d  p r o c e d u r e  RSTRTRM whose ar-
g u m e n t s  w i l l  be t h e  v a l u e s  r e t u r n e d  by S A V T R M .  4c2a3a7

The procedure below is a typical example of ’ how a
p rocess  is e n c a p s u l a t e d . Al l  p r o c e d u r e s  m e n t i o n e d
can be found in the Encapsulator Module <nlsbesrc ,
enoapsulator ,>. 4c2a3b

EXA MPLE:  4c 2a3c

(runit) % run an encapsulated process %
• 

- PROCEDURE(savj fn) ; 1%o 2a3ol
% Procedure description 4c2a3cla

FUNCTiON 4c2a3clal
This procedure is responsible for
starting up and running the
e n c a p s u l a t e d  process  as wel l  as clean-
ing things up when the process has ter-
minated . Note that three globals are

— required : 4c2a3clala
chan — is the channel used in

• i s s u ein g  the interrupt usually a
number in the high twenties or low
thirties. lIc2a 3clalal
ilev — interrupt it will usually be
3. 4c2a3clala2
frkhandle — handle used to identify
the encapsulated fork. i4c2a3clala3

A R G U M E N T S  k c 2 a 3 c l a 2
savjfn — jfn of’ say f i l e  to be r u n  in
t h e  n e w  f o r k  4 c 2 a 3 c l a 2 a

• RESULTS 4c2a3c1a3
• none  4 c 2 a 3 c l a 3 a

NON— STA N DAR D CONTROL ZIc2a3cla4
none  4 c 2 a 3 c l a 4 a

4 c 2 a 3c 1 a5
% D e c l a r a t i o n s  % 4 c 2 a 3 c lb

(trmmo de); 4c2a3clbl
(ctlw dl ); 14c2a3c1b2
(ctlwd2); 4 c2 a 3c 1b 3

On— L ine Programmers Management System:t - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
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Task  3: Encapsulation Facility Documentation

% define channel and interrupt level for
• jays trapping in fork to be created % 4c2a3clc

chan — 34 ; 4c2a3clcl
ilev — 3; 4c�a3clc2

% guard against errors ~ 4c2a3cld

• 1NVO IcE(catch); 4c2a3cldl
% create new fork and e-nable all capabilities
S 4c2a3cle

frkhandle — orf’orkO ; 4c2a3c-lel
S get and load the .sav fil •e to run in the
n e w  f o r k  5 4c2a3clf

gtf’kfile (frkhandle , savjfn); llc 2aScl fl
- 

5 define jays ’s to be trapped and set the

• traps for the new fork ‘
~ 4c2a3clg

• definetraps( $jtraps); 4c2a3clgl
- 

settrap s (frkhandle , chari , ilev); 14c2a3c1g2
S save terminal characteristics S 4c2a3c1~

trmmcd e — s a v t r m ( : c t l w d l , c t l w d 2 ) ;  4 c 2 a 3 c l h l
• I 5 wait until it finishes 5 4c2a3cli

I wait frk(frkhandle); 4c2a3clil
S cleanup S 4c2aSclj

cleanup(frkhand le , savjmn , chan); 4c2a3cljl
S drop the catchphrase % 4c2a3clk

DRCP(catch); 14c2a3c1k1
5 Return 5 14c2a3c1l

RETURN; 14o2a3c111
S catchphra se definition 5 4c2a3clm

(catch) CAIChPRHA SEO ; - Ilc2a 3clml
BEGiN 4c2a3clmla
CASE SIGNALTYPE OF l4c2a3clm lb

• 
I = aborttype : 4c2a 3clmlb l

BEGiN 4c2a3c lm lb la
• D1SABLE (catch) ; 4c2a 3c lm lb lb

cleanup( f’rkhandle , savjfn , chan);
- 4c2a 3c lmlb lc

E N D ;  I4c2a Sclmlb ld
ENDOASE; 4c2a 3clmlb2

CONT1 NU E ; l4c2a 3clm lc
• END; 4c2a3clmld

E N D .  14c 2a3c1n

• T h e r e  a re  several examples of processes which ter-
minate only with a <

A
C >  whic h would return control

• to the operating system rather than AUGMENT . One
way to handle this is to have a handler detect when

• - the desired processing has completed. The handler
• will then set a global flag and leave the

encapsulated process frozen until such time that

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
F i n a l  T e c h n i c a l  R e p o r t  
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Tasks  Comple t ed

Task 3: E n c a p s u l a t i o n  F a c i l i t y  D o c u m e n t a t i o n

H the monitoring process sees the flag . Instead of
waiting until the inferior fork finishes the moni—

H tor in g proce dure w ill have to loo k at t he f l a g f rom
t ime  to t ime . W h e n  the  f l a g  is seen the  m o n i t o r i n g
r o u t i n e  can t h e n  k i l l  the  f o r k  w i t h o u t  c r e a t i n g  a n y
p r o b l e m s .  4c2a3d

3. W r i t e  the  p r o c e d u r e s  t h a t  w i l l  h a n d l e  the  t r a p p e d
jsys ’s. 4c 2a4

The p r o g r a m m e r  w i l l  have  to know s o m e t h i n g  ( p e r —
haps , a g rea t  d e a l)  about  the  process  he w i shes  to
e n c a p s u l a t e  in o rde r  to w r i t e  the  h a n d l e r s .  In p u t
and o u t p u t  are  t he  p r i m a r y  c o n c e r n s  h e r e .  If’ t he
process  e x p e c t s  a command  f rom the  t e r m i n a l  the
h a n d l e r  may f eed  t h a t  command  to the  p rocess .
A lso , an AUGMEN T ’ file may be handed to the process
r a t h e r  t h a n  a s e q u e n t i a l  f i l e .  The h a n d l e r  mus t
know w h a t  t he  e n c a p s u l a t e d  process  is r e q u e s t i n g
and how to  s a t i s f y  t h a t  r e q u e s t .  The h a n d l e r s  may
have to keep track of many different states in
order to do this successfully. 14c2a4a

J SY S h a n d l e r s  a re  passed f o u r  a r g u m e n ts :  k c 2 a 4 b

A f o r k  h a n d l e  4c2a 1t b l

• The c u r r e n t  J SYS n u m b e r  4 c 2 a 4 b 2

The  a d d r e s s  w h e r e  the  e n c a p s u l a t o r  saves  t he
c u r r e nt for k PC 4c 2a4 b 3

The a d d r e s s  of a 16 word  b lock  c o n t a i n i ng  the
c o n t e n t  of t he for k ’s registers 4c2a4b4

J SYS h a n d l e r s  r e t u r n  two  boo lean  v a l u e s :  4 c2a4c

h a n d l e d  4 c2a 14 o 1

• TRUE if JSYS has  been  h a n d l e d  4 c 2 a4 c l a

FALSE le t  T E N E X  h a n d l e  i t  4 c 2 a 4 c l b

unfreeze 4c2.~4c2
b

TRUE to unfreeze the fork Z$c2a J4o2a

FALS E to l e a v e  i t  f r o z e n  5 4o2a4c2b

On—L ine Programmers Management System:
F i n a l  T e c h n i c a l  R e p o r t
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T a s k s  C o m p l e t e d
T a s k  3:  Lncapsul atior . F a c i l i t y  D o c u m e n t a t i o n

• Encapsulator Module

The Encapsulator Module is a coilecticn of AUGM EN ’I rou-
tines located in <nlsbesrc ,encapsulator ,> and are used to
handle the low level coding necessary to perform an
encapsulation.

it has three types of routines. One group of routines
deals with starting up the encapsulation and cleaning up
when it is finished : 11o3 b

a.) Create the new fork. 4c3b 1

b .) Define and set the traps. 4c3b2

c.) Reset global tables when encapsu J~ation is fin-
ished. . ~c3b 3

d .) Save and reset terminal characteristics. 4c3bLe

A n o t h e r  g r o u p  of’ r o u t i n e s  a re  i n v o i e d  by  t h e  i n t e r r u p t
mechanism. When an  i n t e r r u p t  o c c u r s  L U M t a Y J S ~~ST h A F P S 1  is
invoked and calls other routines in the Lncapsu lator
Module to accomplish t h e  following: 4o3c •~

a.) Save the state of the superior fork. 4c3c1

b.) Dispatch the interrupt to the appropriate
handler. 4c3c2

• 
• c.) Restore t h e  state of the superior fork. 4c3 c3

d.) Let the inferior fork continue. 4c3c4

• e.) Continue the superior fork in the state exi stir zg
when the interrrupt occurred. 4c3c5

The remaini ng routines are designed tc support writing in
• the inferior fork’ s accumulators and address space. 4c3d

E n c a p s u l a t o r  Su b s y s t e m

The encapsula tor subsystem is d e s i g n e d  to a s s i s t  t h e
programmer faced with an encapsulation project as well as

• s e r v i n g  as a too l  in d i s c o v e r i ng  t h e  n a t u r e  of ’ a n y  p r c —
H cess .  it a l l o w s  th e  use r  to  r u n  t h e  p roces s  as i f  i t

w e r e  r u n n i n g  u d e r  t h e  operating s y s t e m  w h i l e  t r a c i n g  all
~J SY 3 c a l l s .  4 c4 a

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
F inal Technical Report
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Tasks  C o m p l e t e d -

• Task  3: Enca psu la ti on Fac ilit y Documen tat ion

Th e  s u b s y s t e m  has a s i n g l e  c o m m a n d  w h i c h  a sks  t he  user  to
s p e c i f y  an e x e c u t a b l e  p r o g r a m  f i l e  ( e . g . ,  a TENEX SAV
f i l e)  t h a t  is to be e n c a p s u l a t e d , w h a t  i n f o r m a t i o n  is
d e s i r e d  (a  trace of a l l  JSY s c a l l s , a f r e q u e n c y  c o u n t , or
b o t h )  and how t h a t  i n f o r m a t i o n  is to  be p r e s e n t e d  (dis-
played at the terminal or recorded in a f i l e) .  The  in-
formation obtained consists of the identification of the
JS~ S trapped and i t s  a r g u m e n t s .  A c t u a l l y ,  t he  c o n t e n t s
of t he  f i r s t  f o u r  registers are obtained regardless of
t h e  n u m b e r  of a r g u m e n t s  e x p e c t e d  f o r  t he  j s y s .  4 c4 b

A f t e r  t he  c o m m a n d  is entered the specified process is
encapsulated trapping each JSYS , obtaining the desired
information about the JS~ S and letting the operating sys—
tern handle the call. Thus , the process will run as it
would if it was running directly under the operating sys-
t e m .  4 c4 c

• • C u r r e n t l y ,  on ly  JS~ S’ 5 whose  n u m b e r s  are  in the  r a n g e s  1
to 12E , 114 B to 3 15E , and 3 17B to  337b  a re  t r a p p e d .  The
TiME , GJ 1NF , and JOB’I M J S Y S ’ s a r e  no t  i n c l u d e d  because
T E N E X  does no t  e x e c u t e  t h e m  p r o p e r l y  a f t e r  t h e y  have  been
trapped. These 15Y 5 ’ s s h o u l d  n e v e r  be t r a p p e d  in a ny
encapsulation. There nay be others t h a t  cause  p rob l ems
and i t  w o u l d  be u s e f u l  i f  t h e y  a re  r e p o r t e d  w h e n
encountered . 4c4 d

if one is w o r k i n g  in d i s p l a y  m o d e  and r eq u e s t s  a t r a c e ,
the information about each J E Y S  t -rapped w i l l  be d i s p l a y e d
in the  c o m m a n d  f e e d b a c k  w i n d o w  and r e qu i r e s  an OK b e f o r e
t h e  p rocess  is continued. This allows the user to

• c o n t e m p l a t e  t h e  f l o w  of t h e  p rocess  but  can  be v e ry
a n o y i n g  if’ a single JSIS is e x e c u t i n g  i n s i d e  a loop a
large number of times. in typewriter mode no OK is r e —  -

•

q u i r e d  and the  i n f o r m a t i o n  w i l l  come out  as f a s t  as i t  is
e n c o u n t e r e d . 4 c4 e

T h e  f r e q u e n c y  d i s t r i b u t i o n  t a b l e  w i l l  no t  be d i sp l a y e d  or
recorded until the process terminates. Thus , one w ill
no t  be ab l e  to get  a f r e q u e n c y  d i s t r i b u t i o n  of a p rocess
t h a t  is n o r m a l l y  t e r m i n a t e d  by a ( A C> since you will be
r e t u r n e d  to t he  o p e r a t i n g  system rather than the
e n c a p s u l a t o r  s u b s y s t e m . 4c4f

O n — L i n e  P r c g r a m m e r s  M a n a g e m e n t  System:
F ina l  Techn ical  Re port
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T a s k s  Comple ted
Task  4 :  P R O G R A M S  S y s t e m  G e n e r a l i z a t i o n

T a s k  4 :  G e n e r a l i z e  t he  P K C , GR A MS s u b s y s t e m  and it s  t e mp l a t e s .

The A U G M E N T  P R O G R A M S  s u b s y s t e m  p r o v i d e s  access  to tools
which aid in the program development process by permitting
compilation and testing of programs and by permitting inser-
tion of language dependent program entity templates. 4 d 1

‘ I 
The  P R C G R A M S  s u b s y s t em  is c u r r e n t l y  t a i lo r e d  f o r  the  L1O and
CM L l a n g u a g e s .  We w o u l d  l i ke  to m a k e  i t s  f e a t u r e s  available

I for  o t h e r  c o m p u t e r  l a n g u a g e s , e . g . ,  J O V i A L .  Th e m a i n  idea
was to d e v e l o p  a f r a m e w o r k  a n d / o r  m e t h o d o l o g y  f o r  m a k i n g  t he
f a c i l i t i e s  of t h e  P R C G R A M S  s u b s y s t e m  e a s i l y  e x t e n s i b l e  to
new c o m p u t e r  l a n g u a g e s .  in t he  d e m o n s t r a t i o n  p r o j e c t , t he
c o m m a n d s  and templates associated with the PROGRAMS s y s t e m
were expanded to deal with the JOVi A L , M ETA ( t h e  ARC m e t a —
c o m p i l e r) ,  and  CML l a n g u a g e s  as w e l l  as L b .  S t r u c t u r e s
r e l e v a n t  to t h e s e  d i f f e r e n t  l a n g u a g e s  were  c r e a t e d  as
t e m p l a t e s  and  e n t e r e d  as o p t i o n s  i n t o  t h e  P R O G R A M S  c o m m a n d s .  4 d 2

A p p e n d i x  1 o u t l i n e s  t he  c o m m a n d  s y n t a x  f o r  t he  new p r o g r a m s
• s u b s y s t e m .  A p p e n d i x  2 p r e s e n t s  t he  c u r r e n t  l a n g u a g e

d e p e n d e n t  p r o g r a m m i n g  t e m p l a t e s  i n s e r t e d  v ia  commands  in t h e
new PROGRAMS system as extracted from ( SSSRC , P R O G R A M S —
T E M P L A T E S , >.

• 
11

• 
~• O n - L i m e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :

F i n a l  T e c h n i c a l  R e p o r t
• 13
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Tasks Completed

Tas k 5: Process System Des ign

Task 5: An interactive , conditional , it e r a t ive Process  sys te m .
-

• NLS currently has a “Process commands ” facility, but it is
rather limited. Process commands are currently limited to
be the equivalent of NLS commands —— it’s roughly equivalent
to what a user could type as i n p u t , e.g., there are cur-
rently no f a c i l i t i e s  fo r  i t e r a t i o n , or fo r  c o n d i t i o n a l l y
performing cne set of commands rather than another set , or
for interacting with the user in the  m i d s t  of the execution
of the Process commands. 4e1

The  g e n e r a l  idea w o u l d  be to provide a “Process Language”
t h a t  had all , or a l m o s t  a l l , of the  f e a t u r e s  of a c o m p u t e r
l a n g u a g e  such as ALGOL , e . g . ,  c o n d i t i o n a l  s t a t e m e n t s ,
iterative statements , block structure , su b rou tines , constant
and variable data declarations. In addition the language
would have provisions for interactions with the user. Calls
on L1O procedures probably would also be possible. 4e2

Process Lan gua ge “programs ” probably would be interpreted
rather than compiled , probably in a manner similar to the
present Process commands facility. 4e3

Some i n i t i a l  d e s i g n  t h o u g h t s  on such  a facility may be found
in <29046,>. it was produced for the NSW project and ap-
pears as Appendix 3 to this report. it is applicable to the
AUGMENT command language . Using this as a guide , we have
c r e a t e d  a d e s i g n  fo r  t he  s y n t a x  f o r  a c o mp l e t e  Process

• 

- 
L a n g u a g e . T h i s  s y n t a x  appea r s  as Appendix 4. 11e4

~~1

•~ 
• On-Line Programmers Management System:

F i n a l  T e c h n i c a l  R e p o r t
- • 
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H Appendix 1: PROGRAM S Subsystem Syntax

Appendix 1: Command Syntax for the hew AUGMENT P~ OGhAMS Subsystem 5

This appendix outlines the command syntax for the new PROGRAM S
s u b s y s t e m .  The s y n t a x  is p r e s e n t e d  in a m o d i f i e d  C o m m a n d  M eta
L a n g u a g e  d e s c r i p t i o n . Sm

• 
- 

Notes: 5a1

“ 12 ”  s t a n d s  for  “ 12 1”  
- 

5ala

A final CONFiRM is left implicit for all commands. 5alb

C u r l y — b r a c k e t s  a re  used  to  i n d i c a t e  a CML. LOOP sor t  of
t h i n g ;  e x i t  f r o m  t h e  loop  is m a d e  v i a  an O K .  S a le

Rules used elsewhere: 5a2

a n y i n p u t  = an y t e x t  L SEL / f s t r u c t u r e  <“ a t ” >  DSEL 5a2a

a n y t e x t  = Character / i n v i s i b l e  / T e x t  / V i s i b l e  /
W ord  / S t a t e m e n t  5a2a1

-• f st r u c t u r e  = 
- 5a2a2

• [OPTION <“Filtered: “> V W S P E CS ] ~ ‘ranch / Group /
Plex  / R e s t  / F i l e)  5a 2 a 2 e

u s e r p r o g  = Cont ent—Analyzer / Sort—Key / S e q u e n c e —
G e n er a t o r !2  5a2b

compi leunit = 5a2c

user prog / Run— Program / 5a2c1
S u b s y s t e m  / 5a2c2

Grammar / Parse— Fe (Code/Liata) / backend / Support—
Modu lel2 / 5a2c2a

LiC— Program / L1O1 1-Program! 2 / Cml— Program / Meta—
Pro gram / ~Jov ial— Program / 5a2c3
P r o c e d u r e  / C o r o u t i n e l 2  / Parse—Fe Function /
C a t c h p h r a s e l 2  5a2 c4

i n s e r t  S f o r  L1O mode  5 5a3
( P r o g r a m  5a3a
/ c o m p i l e u n i t  5a3b
/ i f — T h e n — E l s e  / CaseI2 5a3c
/ For / Loo p l 2  / D o — U n t i l  / D o — W h i l e !2  / U n t i l — D o  /
W h i l e — D o  Sa3d
) 5a3e

<“to fol low ”> DSEL (LEVADJ] 5a3e 1

O n — L i n e . P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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Appen dix 1: PROGRAMS Subsyst’m Syntax

• i n se r t  5 for  CML mode S 5a4
P r o g r a m  < “ t o  f o l l o w ”> DSEL tLEVAD J] 5a4a

insert 5 for  heta mode S 5a 5
P r o g r a m  < “ t o  f o l l o w ”> DSEL [ L E V A D J )  5a5a

insert 5 for  Jov ia l  mode 5 5a6
( P r o g r a m  5a6a
/ C o m p o o l t 2  D i r e c t i v e  / Compool !2 Source / Procedure Sa6b
/ i f — E l s e  / Switch 5a6c
/ For B y — W h i l e  / For T h e n — W h i l e  / W h i l e  5a6d
/ Call  / P r o c e d u r e l 2  Cal l  D e c l a r a t i o n  5a6e
) 5a6f

< “ t o  f o l l o w ”> DSEL [ L E V A D J )  5 a 6 f 1

insert Comment <“to follow ”> US EL 5 for  any  mode S 5a7

C o m p i l e  5a8
• C C o n t e n t — A n a l y z e r  < “ i n ”> ( a n y i n p u t  / P rogram < “ A T ” >

D SEL ) 5a8a
/ Program <“AT ”> DSEL <“ using ”> LSEL <“to ”> L SEL . 5a8b
/ c omp i l e u n i t  < “ a t ” >  DS EL 5a8c
) 5a8 d

( R e c o r d  < “ e r r o r s ”> <“ a t ” >  D SE L 5a6d1
/ Load <“ a f t e r  c o m p i l a t i o n ”> 5a6 d 2
/ F i l t e r e d  V W S P E C S  5a8d3
) 5a8d4

Load ( C o n t e n t — A n a l y z e r  / P r o g r a m ! 2  / co i np i l e u n i t )
<“ n a m e d ” >  L.SEL 5a9

D e in s t i t u t e  u s e r p r o g  5a 10

ln st i tu t e l 2  u s e r p r o g  < “ n a m e d ” >  LSE L S a i l

R u n  5a 12
( R u n — P r o g r a m  <“ n a m e d ” >  LSEL. 5a12a
/ Process  <“ n a m e d ” >  L SEL 5a 12b

< “ i n p u t  f r o m ”> 5a 12b 1
• ( a n y i n p u t  5 a l 2 b l a

/ i n t e r a c t i v e  <“ w i t h  t e r m i n a t i o n  c h a r a c t e r ”> LSEL 5a 12b 1b  - •

/ S e q u e n t i a l - P i l e  <“ n a m e d ” >  L SEL 5 a l 2 b l c
/ N o — i n p u t  5 a l 2 b l d
) 5 a l 2 b l e

<“ o u t p u t  to ”> 5 a 12 b 2
h i s — F i l e  <“ a t ” >  LSEL S a l 2 b 2 a

/ T e r m i n a l  Sa l 2 b 2 b
• / Se q u e n t i a l - F i l e  <“ n a m e d ” >  LSEL S a l2 b 2 c

/ R e g i s t e r s  . . . 5 a 12 b 2 d

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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A p p e n d i x  1: P R O G R A M S  Subs~’stem S y n t a x

} 5a 12b2e
<“ w a i t  f o r  c o m p l e t io n  and  then  K i l l ? ” >  5 a l 2 b 3

Yes / ho <“ n o t i f y  at c o m p l e t i o n ?” >  ( Y e s / N o )  ) 5a 12b3 a
<“ g o ? ” >  5 a 12 b 4

• ) 5a 12c

K i l l  Process  (“ n a m e d ” >  LSEL 5a 13

W a i t  < “ f o r  c om p l e t i o n  and t hen  K i l l ” >  P rocess
<“ n a m e d ” >  LS EL 5a 114

Show ( B u f f er / i n s e r t — M o d e  / Process  <“ n a m e d ” >  L SE L )  5a 15

Set 5a 16
( Euffer—Size <“to ”> LSEL 5a16a
/ i n s e r t — M o d e  < “ t o ”> (Cmi  / J o v i a l  / L b  / M e t a )  5a 16b
) 5a 1 6 c

Reset (Buffer—Size / Insert—Mode) Sa 17

D e l e t e !2  ( A l l  / L a s t )  5a 18

Invokel2 (Dad / Ddt!2) 5a19

On—L ine Programmers Management System:
Final Technical Report
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A p p e n d i x  2:  P R O G R A M S  S u b s y s t e m  T e m p l a t e s

A p p e n d i x  2: Language  D e p e n d e n t  P r o g r a m m i n g  T e m p l a t e s  6

The f o l l o w i n g  are  the  c u r r e n t  p r o g r a m m i n g  t e m p l a t e s  i n s e r t e d
v i a  c o m m a n d s  in t he  new P R O G R A M S  s y s t e m  as e x t r a c t e d  f r o m  <
SSSKC , P R O G R A M S — T E M P L A TES , > :  6a

( c m l )  6a1

( g r a m m a r )  6 a l a
% G R %  F ILE Su b S y s ha m e  5 G R a m m a r  S 6 a l a l

- ‘ S COMPILE-1NSTRUCIIONS S 6 a l a l a
IN C L U D E  (SsSrc , N L S — G r a m m a r , f l a g s  I s u b s y s t e m s >

6alalal
S DECLARATiONS S 6alalb

i N C L U D E  <S sSrc , N L S — G r a m m a r , d e c l a r a t i o n s
t u n i v e r s a l >  6 a l a l b l

‘ DEC L A R E  C O M M A N D  W O R D  6 a l a l b 2
% su b s y st e m  c o m m a n d  w o r d s  ( s h o u l d  be 100 to
12 7 ) 5  6 a i a l b 2 a
“ C O M M A N D 1 ”  : 100~ 6 a l a l b 2 b
“COP4MANDn ” ion -i ; 6alalb2c

6 a l a l b 2 d
D E C L A R E  FE F U N C T I O N  6 a l a i b 3

f e f u n c i , 6 a l a l b 3 a
f e f u n c n ;  6 a l a lb 3 b

D E C L A R E  F U N C T I O N  6 a l a l b 4
PROCESS = “ P R O C E S SX ”  , PACK A GE = “ P C K X ”  : 6 a l a lb 4 a

x r o u t i n el , 6 a l a l b 4 a i
x r o u t i n e n ;  6 a l a l b 4 a 2

DE CL A R E  GLO B AL 6 a l a lb 5
globall , 5 short description of globall S

6 a l a ib 5 a
g l o b a l n ;  5 shor t  d e s c r i p t i o n  of g l o b a l n  S

6ala ib5b
DE C L A R E  V A R I A B L E  6a l a lb 6

v a r i a b l e l , 6 a l a ib 6 a
var iablen; 6alalb6b
5% 6alalb6c

• S COMMON—RULES S 6 a i a l c
iN C L U D E  <Ss Sr c , NLS—Grammar , rules lun iversal> 6alalcl

6alaicla
ru lel = <rule—body>; 6 a la l c2

6 a l a l c 2 a
r u l e n  < r u l e — b o d y > ;  6 a l a l c 3

6 a l a l c 3 a
1% 6 a l a l c 3 b  - •

5 C O M M A N D S  S S U B S Y S T E M  S u b S ys h a m e  K E Y W O R D
“S U B S Y S N A M E ”  6 a l a i d

I N I T i A L I Z A T I O N  5 for  Su bSy sh am e  5 6a l a ld l

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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A p p e n d i x  2 :  P R O G R A M S  S u b s y s t e m  T e m p l a t e s

initsubsys xinitsubsysO ;
6al aldl a

TERMiNATION 5 f o r  S u b S ys h am e  S 6alald2
trm subsys xtrmsubsysO;

6alald2a
comm and l COMMAND = “COMMA N DWO RD1 ” 6alald 3

< r u l e — b o d y >  6 a i a l d 3 a
x r o u t i n el ( v a r i a b i e l , v a r i a bl e 2 ) ;

6alald 3b
c o m m a n d 2  COMMA N D = “ C O M M A N D W O R D 2 ”  6 a l a l d 4

< r u l e — b o d y >  6 a l a l d 4 a
x r o u t i n e 2( v a r i a b l e l , v a r i a b l e 2) ;

6a 1a 1~~4b
i N C L U D E  <SsSrc , N L S — G r a m m a r , comm an d s
l u n i v e r s a l >  6 a l a l d 5
E N D .  6 a l a l d 6

F I N I S h  6 a i a l e

• (program) 6alb
- 

• - %GR% FiLE SubSysName S GRammar 5 6alb l
S COMP1L .E— 1NSTRUCI1ONS 5 6alb la

IN CLUDE (SsSrc , NL S—Grammar , flags !subsystems)
6 a l b l a l

5 D E C L A R A T I O N S  % 6 a l b l b
i N C L U D E  < SsSrc , N L S — c a r a m m a r , d e c l a r a t i o n s
lu n i v e r s a l >  6 a l b l b l
DECLARE COMtiAf~D W OR D 6 a l b l b 2

Ss u b sy st e m  c o m m a n d  w o r d s  ( s h o u l d  be 100 to
1 2 7 ) %  6 a l b l b 2 a
“ C OM M A N U 1 ”  100 , 6 a l b l b 2 b
“ COM14 A ti Dm ” i O n — i ; 6 a l b l b 2 c
5% 6 a l b l b 2 d

D E C L A R E  F E F U N C T I O N  6 a 1 b 1b 3
f e f u n c i , 6 a l b l b 3 a
fefuncn; 6alb lb 3b

D E C L A R E  F U N C T i O N  6 a l b l b 4
PROCESS “ P R O C E S S X ”  , P A C K A G E  = “ P C K X ”  : 6 a l b i b 4 a

xroutine l , 6alb lb J 4a l
• xrout inen; 6alblb 4a2

D E C L A R E  GLOBAL 6 a i b l b 5
glob a ll , 5 shor t  d e s c r i p t i o n  of g l o b al l  S

6 a i b l b 5 a
g l o b a l n ;  5 sho r t  d e s c r i p t i o n  of gl o b ain  S

6 a i b l b 5 b
D E C L A R E  V A R I A B L E  6 a i b l b 6

variablel , 6aib lb6a
variablen; 6alb ib6b

6 a l b i b 6 c
5 C L ) M M O N — R U L E S  $ 6 a l b l c

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
F i n a l  T e c h n i c a l  R e p o r t

is

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _



_____  - r - -
~~~~~~~~~~~ 

•

BLP M GL 1 — M a y — 7 9  16 :01  4 723 8
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IN CLUDE <SsSrc , NLS—Gr ammar , rules luniversa l> 6alb lcl
6 a l b i c l a

rulel = < r u l e — b o d y > ; 6 a l b l c 2
6 a l b l c 2 a

r u le n  = < r u l e — b o d y > ;  6 a l b i c 3
6 a i b l o 3 a

• %% 6 a l b l c 3b
5 COMMANDS 5 SU BSYSTEM Su bSy sNa m e K E Y W O R D
“ S U B S Y S N A M E ”  6 a l b l d

I N i T I A L I Z A T I O N  5 f o r  S u b S y s N a m e  S 6 a l b l d l
in i t s u bsy s  = x in i t su b sy s O ;

6 a l b l d l a
T E R M I N A T I O N  5 fo r  Su b S y s N a m e  S 6 a l b l d 2

t r m s u b s y s  = x t r m su b s y s O ;
• 6 a l b l d 2 a

c o m m a n d i  C O M M A N D  = “ C O M M A N D W O R D 1 ”  6 a l b l d 3
< r u l e — b o d y >  6 a l b l d 3 a
x r o u t i n el ( v a r i a b l el , v a r i a bl e 2 ) ;

6alb ld 3b
command2 CCMMAND = “ C O M M A N D W O R D 2 ”  6 a l b i d 4

< r u l e — b o d y >  6 a l b l d 4 a
xroutine2 (variable l , variable2);

6alb ld 4b
INCLUDE <SsSrc , NL S—Grammar , com m an ds
lu n i v e r s a l>  6 a l b l d 5

- • END. 6alb id6
• FINISh 6alb le

(110) 6a2

(b a c k e n d )  6a2a
%BES FILE SubSyshame $ BackEnd  S 6a2a1

$ D E C L A R A T i O N S  $ 6 a 2 al a
S D i s p a t c h — T a b l e :  add res s  of r o u t i n e — n a m e —
s t r i n g , add re s s  of r o u t i n e  S 6 a 2 a l a l

( s u b s y s n a m e)  E X T E R N A L  = C 6 a 2 a l a l a
$ “ X R O U T i N E 1 ” , $ x r o u t i n el , 6 a 2 a l a l a i
$ “ X R O U T 1N E n ” , $ x r o u t i n e n , 6 a 2 a l a i a 2  

• 

I

0 , 0 ) ;  5 t a b l e  m u s t  end w i t h  zero 5 6 a 2 a l a l a 3
5% 6 a 2 a l a l a 4

5 Command Words  $ 6a2a1a2
( o w l )  C O N S T A N T  = 100B;  6 a 2 a l a 2 a
( o w n )  CONSTANT -  l O n — l E ;  6 a 2 a l a 2 b
$5 6 a 2 a l a 2 c

$ X — R O U T I N E S  $ 6a2alb
• ( x r o u t i n e i )  $ o n e - l i n e  d e s c r i p t i o n  S 6a2albl

(xroutinen) 5 o n e — l i n e  d e s c r i p t i o n  S 6 a 2 a 1b 2
5 CORE—ROUTINES 5 6 a 2 a l c

( c r o u t i n e l )  $ one— line description $ 6 a 2 a l c i

O n - L i n e  P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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Appendix 2: PROGRAMS Subsystem Templates

(croutinen) S one—line description S 6a2a1c2
5 SUPPORT— ROUTINES 5 1 ~a1d

(sroutinel ) 5 one—line description S 6a2aldl
(sroutine l ) S one—line descripticn S 6a2a1d2

FiNiSh 6a2ale

( c a s e)  6 at b
CASE case— exp OF ôa2ol

cond—exp i : 6a2bla
BEGIN 6a2blal
END; 6a2b1a2

E N L ) C P 1 S E ;  6a2blb

(catchphrase) 6a2c
(catchname) CA ICRPHF iIt SE( arg l, arg2 , ar g3, arg~4); 6a2c1

BEGiN 6a2cla
CASE SIGNALT YPE OF 6a2clb

= notetyp e : 6a2clb l
= helptype : 6a2c1b2

aborttype : 6a2c1b3
CASE SiGNAL OF 6a2clb 3a

xxx : 6a2clb 3al
= yyy : 6a2c1b3a2
ENDCASE; 6a2c1b3a3

ERDCA SE; 6a2c1bL~
CONTINUE; 6a2clc
END; 6a2cld

(content— analyzer) 6a2d
(analyzer—name) S CL: ; one—line—description S
PROCEDURE (argi <type> , . . . , argn 5 :> [meta—res ) resl

— <type> , . . ., resn 5); 6a2d1
S Procedure description 6a2dla

FUNCTiON 6a2dial
none 6a2dlala

ARGUMENTS 6a2d1a2
none 6a2dla2a

RESULTS 6a2d1a3
none 6a2dla3a

NON -STANDARD CONTROL 6a2dla4
none 6a2d1a4a

5 6a2d1a5
$ Declarations S 6a2d1b
%procedure body% • 6 a 2 d l c
5 Return S 6 a 2 d l d

H RETU RN; 6a2dldl
END. 6 a 2 d l e

6 a 2 d l e l

O n - L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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A p p e n d i x  2:  P R O G R A M S  S u b s y s t e m  T e m p l a t e s

(coroutine) 6a2e
(coname) S CL: ; one-line— description 5

• C O R O U T I N E  (a rg l  < t y p e > , .. .,  argn); 6a2e1
5 Coroutine description 6a2ela

FUNCTION 6a2elal
none 6a2elala

ARGUMENTS 6a2eia2
n o n e  6 a 2 e l a 2 a

R E S U L T  6a2e 1a3
none 6 a 2 e l a 3 a

N O N - S T A N D A R D  C O N T R O L  6a2e 1a4
none  6 a 2 e l a 4 a

6a2e1a5
$ D e c l a r a t i o n s  5 6 a 2 e lb
5 I n i t i a l  e n t ry  p o i n t  S 6 a 2 e l c

PORT E N T R Y  6 a 2 e l c l
S I n i t i a l i z a t i o n  S 6 a 2 e l c l a

E X I T  P C A L L ;  6 a 2 e l c 2
% c o r o u t i n e  b o d y %  6 a 2 e l d
E N D .  6 a 2 e l e

$5 6 a 2 ei e l

( e m i - p r o g r a m )  6a2f
% G R %  F ILE  S u b S y s N a m e  5 G R a m m a r  $ 6 a 2 f 1

$ C O M P I L E — 1 N S T K U C T 1 C N S  S 6 a 2 f l a
I N C L U D E  <SsSrc , N L S - G r a m m a r , f l a g s  I su b s y s t e m s >

6 a 2 f i a l
$ D E C L A R A T iON S $ 6 a 2 f l b

I N C L U D E  <SsSrc , N L S — G r a m m a r , d e c l a r a t i o n s
t u n i v e r s a l >  6 a 2 f l b l
DE C LA RE COM MA ND WORD 6a 2 f1b2

Ssub s y s t e m  command  words  ( s h o u l d  be 100 to
1 2 7 ) %  6 a 2 f l b 2 a
“ C O M M A N D 1 ”  = 100 , 6 a 2 f l b 2 b
“ COM M A N D n ” = iOn — i ; 6 a 2 f l b 2 c
5% 6 a 2 f l b 2 d

DEC LA RE FEFUNCT1ON 6a 2f 1b 3
f e f u n c i , 6 a 2 f l b 3 a
f e f u n c n ;  6 a 2 f l b 3 b

D E C L A R E  F U N C T I O N  6 a 2 f 1b 4
P R O C E S S  “ P R O C E S S X ”  , PA CKAGE = “PCKX” : 6 a 2 f l b 4 a

x r o u t i n e l , 6 a 2 f 1 b 4 a 1
xrout inen; 6a2f1b4a2

DE CL A R E  GLOBA L 6a 2f 1b 5
globall, 5 shor t  d e s c r ip t i o n  of global i $

6a2fib5a
• g l o b ain ;  S sho r t  d e s c r i p t i o n  of g iobain  $

6 a 2 f l b 5 b
D E C L A R E  V A R iA B LE 6a 2f 1b 6

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
F inal Technical Report
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A p p e n d i x  2 :  P R O G R A M S  S u b s y s t e m  T e m p l a t e s

v a r i a b l el , 6 a 2 f i b 6 a
v a r i a b l e n ;  6 a 2 f l b 6 b
5% 6 a 2 f lb 6 c

S C O M M O N — R U L E S  S 6 a 2 f 1 c
I N C L U D E  <S sSrc , N L S — G r a m m a r , r u l e s  !u n iv e r s a l >  6 a 2 f l c l

6 a 2 f l c l a
r u l e l  = < r u l e — b o d y > ;  6 a 2 f 1 c 2

6 a 2 f l  ~ 2 a
r u l e n  = < r u l e — b o d y > ;  6 a 2 f 1 c 3

6 a 2 f l c 3 a
6 a 2 f l c 3 b  I -

5 C O M M A N D S  S S U B S Y S T E M  S u b Sy s h a m e  K E Y W O R D
• “ S U B S Y S N A M E ”  6 a 2 f l d
• I N i T I A L i Z A T i O N  S fo r  Su b S y s h a m e  $ 6 a 2 f l d l

in i t su b s ys  = x i n i t s u b s y sO ;
6 a 2 f l d l a

TERMiNATION 5 for  SubS y s N a m e  S 6 a 2 f l d 2
t r m s u b s y s  x t r m s u b s ys O ;

6 a 2 f i d 2 a
c o m m a n d i  C O M M A N D  = “ C C M M A N D W C R D 1 ”  6 a 2 f 1 d 3

( r u l e — b o d y )  6 a 2 f l d S a
xroutine l (variablel , variable2); -

- I 6a2fld3b
c o m m a n d 2  C O M M A N D  = “COMM ANDWCRD2” 6a2f1d1~

< r u l e — b o d y >  6 a 2 f l d 4 a
x r o u t in e 2 ( v a r i a b l e l , v a r i a b le 2 ) ;

6 a 2 f l d 4 b
I N C L U D E  (SsSrc , N L S - G r a m m a r , c o m m a n d s
lu n i v e r s a l >  6 a2 f 1d 5
E N D .  6 a 2 f 1d 6

F i N i S h  6 a 2 f l e

( d o — u n t i l )  6a2g
DC 6a2g1

B E G I N  6 a 2 g l a
E N D  6 a 2 g l b

UNTiL until— clause; 6a2g2

( d o — w h i l e )  6a2h
DO 6 a 2 h 1

B E G I N  6 a 2 h l a
END 6 a 2 h l b

W H i L E  w h i l e — c l a u s e ;  6 a 2 h 2

( f e fu n c t io n )  6a 2i
( F E F u n c t i o n N a m e )  S CL: ; o n e - l i n e  d e s c r i p t i o n  S
P R O C E D U R E  (r e a s o n , i n s t r u c t i o n , a c c u m u l a t o r  REP ,
a rg c o u n t , a r g u m e n t s  R E F , s a v e w o r d  5 = > r e s u l t  5) ;  6aZil

5 F E F u n c t i o n  d e s c r ip t i o n  6 a2 i l a

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
F inal  Techn ical Re port
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FUNCTION 6a2ilal
none  6a 2i la ia

A R G U M E N T S  ( s h o w  g r a m m a r  a r g u m e n t s )  6a2 i 1a2
none 6 a 2 i l a 2 a

RESULT (show grammar results) 6a2i1a3
none 6a211a3a

N O N — S T A N D A R D  C O N T R O L  6a2i1 a4
none 6 a 2 i l a4 a

- • I S 6a2 i 1a5
S Declarations 5 6 a2 i l b
CASE r eason  OF 6 a 2 i i c

= p a r s i n g :  S be ing  i n v o k e d  for first time during
command  S 6 a 2 i l c l

B E G I N  6 a 2 i l c ia
$ decide whether FF is on the correct path
through the grammar S 6 a 2 i l c l b
IF 5 not on right path , m ay S THEN R E T U R N
( n o t m e ) ;  6 a 2 i l c i c
5 do p r o c e s s i n g  S 6 a 2 i i c l d
saveword  — 5 word  of c o n t e x t  to be saved or 0
— If 0 , w i l l  not  be ca l led  during backup,
e t c .  5; 6 a 2i l c l e
o m i r e s u l t s  ( N , r e s ui t i , . . .  resulth); 5 re—
t u r n  N r e su l t s  — need not  be ca l led  if not
returning any results. Results returned will
be f r ee d b y t he FE a u t o m a t i c al ly %  6 a 2 i l o l f
R E T U R N  (dosuc , savewor d); 6a2ilclg
END; 6a2iiclh

= t e r m i n a t e :  5 command is done , c l e a n u p  $ 6a2 11c2
= a b o r t c m d : 5 command was aborted , c leanu p an d
r e s t o r e  s t a t e  S 6 a 2 i i c 3
= b a c k u p :  5 command  was backed up 5 6a2i1c4
E N D C A S E  ABORT ( ? ? ? , $“B u g :  I l l ega l  reason  to a
FEFunc ti on ”); 6a2i1o5

RETURN (notm e); 6a2i1d
E N D .  6 a 2i le

6a2ilel

(for) 6a2j
FOR f o r — c l a u s e  DO 6a2j 1

BEGIN 6a2 jl a
E N D ;  6 a 2 j lb

(grammar) 6a2k
%GR% FiLE SubSysName S GRammar 5 6a2k1

H 5 C O M P I L E — I N S T R U C T I O N S  5 6a 2k la
i N C L U D E  <SsSrc , N L S — G r a m m a r , f l a g s  I su b s y s t e m s >

6a2klal
5 D E C L A R A T i O N S  5 6a2klb

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
F i n a l  Techn ica l  R e p o r t  - 
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i N C L U D E  (SsSrc , N L S — G r a m m a r , d e c l a r a t i o n s
lu n i v e r s a l >  6 a 2 k 1b 1
D E C L A R E  C O M M A N D  W O R D  6 a 2 k 1b 2

% s u b s y s t e m  c o m m a n d  w o r d s  (should be 100 to
1 2 7) 5  6 a 2 k l b 2 a
“ C O M M A N D 1 ”  = 100 , 6 a 2k 1b 2 b
“ C O M M A N D n ” = iOn — i ; 6 a 2 k l b 2 c
5% 6a2klb2d

DECLARE FUNCTION PROCESS = “PKOCESSX” , PACKAGE
= “PCKX ” : 6 a 2 g 1b 3

x r o u t i n e l , 6 a 2 k lb 3 a
xroutinen; 6a2klb3b

DECLARE FEFUNCTION 6a2k1b4
f e f u nc i , 6a2klb4a
fefuncn; 6a2klb4b

DECLARE PARSEFUNCT].GN 6a2k1b5
pffun cl , 6a2klb5a
p f f u n c n ;  6 a 2 k l b 5 b

D E C L A R E  GLOB AL 6 a 2 k 1b 6
globall , 6a2iclb6a
g i o b ain ;  6 a 2 k l b 6 b

D E C L A R E V A R I A B L E  6 a 2 k 1 b 7
v a r i a b i e l , 6 a 2 k l b 7 a
v a r i a b l e n;  6 a 2 k i b ? b

- - I % % 6a2klblc
5 COMMON— RULES S 6 a 2 k l c

iNCLUDE <SsSrc , NLS— Grammar , rules luniversal> 6a2klcl
6 a 2 k l c l a

ruiel = < r u l e — b o d y > ;  6 a 2 k 1 c 2
6 a 2 k l c 2 a

r u l e n  = < r u l e — b o d y > ;  6 a 2 k 1 c 3
6a2klc3a

5% 6a2klc3b
S C OMMANDS 5 S U B S Y S T E M  S u b S y s N a m e  K E Y W O R D
“S U B S Y S N A M E ”  6 a 2 k l d

i N I T i A L i Z A T i O N  S fo r  S u b Sy sh a m e  5 6 a 2 k 1d 1
i n i t s u bsy s  = x in i t s u b s y sO ;

6 a 2 k l d l a
T E R M I N A T I O N  5 fo r  Su b S y s N am e  S 6 a 2 k 1 d 2

t r m su b sy s  : x t r m s u b s y sO ;
6 a 2 k l d 2 a

comma ndi COMMAND “ C O M M A K D W O R D 1 ”  6 a 2 k 1 d 3
<rule—body> 6a2kld3a
xrout inel(variablei , var iable2);

6a2kld3b
c o m m a n d2 CO M M A ND = “COMMAN DWORD 2” 6a2k1d4

<rule—body > 6a2kld4a
xroutine2( variablel , variabie2);

6a2kld4b

On— Line Programmers Management System:
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iN C L U D E  <SsSrc , NLS-Grammar , comman d s
l universal> 6a2k1d5

— 
- END. 6a2k1d6

FiNISh 6a2kle

( i f — t h e n — e l s e )  6a2l
iF i f — c l a u s e  T H E N  6a2 11

BE G IN 6a 2l l a
END 6a2llb

ELSE 6a2l 2
BEGIN 6a212a
E N D ;  6a2l2b

(jovial—program) 6a2m
I COMPOOL ! (‘compool— file ’) name , name ; 6a2m1
P R C G R A M  pro gr amname  “ D e s c r ip t i o n  “ 6a2 m2

BEGIN 6a2m2a
“ P r o g r a m  d e s c r i p t i o n  “ 6a2m2b
“ D E C L A R A T I O N S  “ 6a2m2 o

“ F U N C T i O N S  D E F I N E D  “ 6 a 2 m2 c 1  —

“ o n e — l i n e — d e s c r i p t i o n  “

DEF PROC procname (input—parameterl , . . .,
i n p u t — p a r a m e t e r n  : o u t p u t  p a r a m e t e r l ,
o u t p u t — p a r a m e t e r n )  f u n c t i o n t y p e  ; 6 a 2 m 2 c l a

“ P r o c e d u r e  d e s c r i p t i o n  6 a 2 m 2 c i a l
F U N C T I O N  6 a 2 m 2 c l a l a

none 6 a 2 m 2 c l a l a l
A R G U M E N T S  6a 2m2c l a lb

none  - 6 a 2 m 2 c l a l b l
R E S U L T S  6 a 2 m 2 c l a l c

• none 6a2m 2clalcl
N O N — S T A N D A R D  CONTROL 6a2m2clald

none 6a2m2claldl
6 a 2 m 2 c l a l e

BEGIN - 6a2m2cia2
“ D e c l a r a t i o n s  “ 6a2m2c1a3
“funct ion body ” 6a2m2c1a 14
“ R e t u r n  “ 6a2m2claS

R E T U R N ;  6 a 2m2 c la 5 a
END 6 a2 m 2 c 1a 6

“ S U B R O U T i N E S  D E F I N E D  “ 6 a 2 m 2 c 2
“ one— l ine—description “

REF PROC (procname) (input—parameter l , . . . ,
input—parametern : output parameteri , .

out put—param etern ) ; 6a2m2c2a
“ Procedure description 6a2m2c2a1

F U N C T I O N  6 a 2m 2 c 2 a l a
none  6 a 2 m 2 o 2 a l a l

A R G U M E N T S  6 a 2m 2 c 2 a lb

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m:
F ina l  Techn i ca l  R e p o r t
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none 6a2m 2c2albl
RESULTS 6a2m2c2alc

- 
I none 6a2m2c2aicl

NON— STANDARD CONTROL 6a2m2c2ald
none  6 a 2 m 2 c 2 a l d l

“ 6a2m2c2ale
BEGIN 6a2m2c2a2
“ D e c l a r a t i o n s  “ 6a2m2c2a3
“ p r o c e d u r e  body ” 6 a 2 m 2 c 2 a 4
“ R e t u r n  “ 6 a 2 m 2 c 2 a 5

R E T U R N ;  6 a 2 m2 c 2 a 5 a
E N D  6 a 2 m 2 c 2 a 6

“ iTEMS D EFINED “ 6a 2 m 2c 3
I T E M  i t e m n a m e  i t e m t y p e ; 6a2m2c 3a

“ p r o g r a m  body ” 6 a 2 m 2 d
E N D  6a2 m 2e

6 a 2 m 2 e 1
( 1 1 0 — p r o g r a m )  6a2n

F I L E  P r o g r a m N a m e  $ D e sc r ip t i o n  $ 6 a 2 n 1
$ D E C L A R A T I O N S  $ 6 a 2 n l a

6 a 2 n l b
S PROCEDURE 5 6 a 2 n l c

( p r o c n a m e )  S CL:  ; o n e — l i n e — d e s c r i p t i o n  5
P R O C E D U R E  (a r g i  < t y p e > , . . . ,  a r g n  5 => [ m e t a —  -;

r e s ]  r e s i  < t y p e > , . . . , resn  5 ) ;  6 a 2 n l c l
5 P r o c e d u r e  d e sc r i p t i o n  6 a 2 n i c i a

F U N C T i O N  6 a 2 n l c l a l
none  6 a 2 n l c l a l a

A R G U M E N T S  6 a 2 n l c l a 2
none  6 a 2 n l c l a 2 a

R E S U L T S  6 a 2 n l c l a 3
• none  6 a 2 n l c i a 3 a

N O N — S T A N D A R D  C O N T R O L 6 a 2 n 1c 1 a 4
none  6 a 2 n l c l a 4 a

5 6 a 2 n l c l a 5
5 D e c l a r a t ions 5 6 a 2 n l c l b
%p r o c e d u r e  b o d y %  6 a 2 n l c i c
5 Re turn  5 6 a 2 n l c l d

R E T U R N ;  6 a 2 n l c l d l
END. 6a2nlcle

$5 6 a 2 n l c l e l
FiNiSH - 6 a 2 n l d

( 1 1 0 1 1 — p r o g r a m )  6a2c
F i L E  P r o g r a m N a m e  5 D e s c r i p t i o n  S 6a2o1

5 D E C L A R A T I O N S  % 6 a 2 o l a
5% 6 a 2 o l b
5 P R O C E D U R E  5 6 a 2 o l c

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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(prooname ) 5 CL :  ; one— line—description 5
PROCEDURE (argi <type> , . .. ,  a rg n 5 => [meta—
res] res i <type> , . . .,  rea m 5); 6a2o1c1

5 Proce d ure descr ip t ion 6a 2o lc l a
F U N C T I O N  6 a 2 o l c l a 1

none 6a2o lc l a l a
A R G U M E N T S  6 a2 o l c l a 2

none 6 a 2 o l c l a 2 a
RESULT S 6a 2o lc l a3

no ne 6a2 o lc l a3a
NON— STANDARD CONTROL 6a2olcla4

none 6 a2 o l c l a4 a
5 6a2o1c1a5

5 Declara t ions 5 6 a 2 o l o lb
Sp r o c e d u r e  body 5  6 a 2 o l c l c
5 R e t u r n  5 6 a 2 o l o l d

RETURN; 6a2olcldl
E N D .  6 a 2 olc l e

5% 6a2o l c l e l
F I N I S H  6 a 2 o l d

(loop) 6a2p
LOOP 6a2p1

B EGIN 6a 2p l a
E N D ;  6a2plb

(me ta—program) 6a2q
• FiLE f i l e n a m e  ChECK 6a2q 1

META program 6a2q2
5 Compiler header. S 6a2q3

E R R O R : ; 6a2q4
SIZE:  ; 6a2q5
FLAGS:  ; 6a2q6
DUMMY : ; 6a2q7
SET : ; 6a2q8
FIELDS:  ; 6a2q9
A T T R I B U T E S :  ; 6a2q 10
OPCODES:  ; 6a2q1 1

5 Compiler header syntax. 5 6a2q12
5 Rules. 5 6a2q13
END of TREE MET A 6a2q 14

(co de) 6a2r
%PFC% COROUTINE (parmi , parm2 , parm3 ); 6a2r 1

END. 6a2rla
( da t a)  6a2s

%PFD% FiLE SubSyshame 5 Parse/Fe functions Data 5 6a2s1
F i N I S H  6a2s l a

( f u n c t i o n)  6a2t
(P a r s eFune t ion h a m e)  5 CL. : ; one—l ine—desc r i p t ion  5
COROUTINE (reason , instruction , accumulator REF ,
ar geount , arguments REF , saveword S z >  result 5) ;  6a2t1

On—Line Programmers Management System :
Final T echni c a l  Repor t
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5 P a r s e f u n c t i on  d e s c r i p t i o n  6 a 2 t l a
F U N C T i O N  6 a 2 t l a l

none  6 a 2 t l a l a
A R G U M E N T S  (show grammar arguments) 6a2t1a2

none  6 a 2 t l a 2 a
R E S U L T  ( s h o w  g r a m m a r  r e s u l t s)  6 a 2 t l a S

none  - 6a2tla3a
N O N — S T A N D A R D  C O N T R O L  6 a2 t 1a4

none  6 a 2 t l a l4a
S 6 a 2 t 1a 5

5 D e c l a r a t i o n s  $ 6 a 2 t l b
5 Initial entry point S 6a2tlc

PORT ENTRY 6a2tlcl
S initializa !~ion S 6 a 2 t l c l a

EXiT P CALL; 6a 2t 1 c2
% c o r o u t i n e  body S  6 a 2 t l d
END. 6a2tle

- 6a2tlel

t ( pa r s e f u n c t io n )  6a 2u
( P a r s e F u n c t i o n N a m e )  5 CL : ; one— line—description 5
CO R O U T I N E (r eason , in s t r u c ti on , acc um u la to r  R EF ,
argcount , arguments REF , saveword $ :> result 5 ) ;  6a2u 1( 5 P a r s e f u n c t ion d escr ip t ion 6a 2u l a

F U N C T iON 6 a 2 u l a l
none  6 a 2 u l a l a

ARGUMENTS (show grammar arguments) 6a2u1a2
none  6 a 2 u l a 2 a

RESULT (s how gram m ar resul ts) 6a 2u1 a3
no ne 6a 2u l a3a

NON— STANDARD CONTROL 6a2u1a4
none 6a2ula4a

5 6 a 2 u 1 a 5
5 D e c l a r a t ion s S 6 a 2 u l b
5 I n i t i a l  e n t r y  p o i n t  $ 6a2ulc

PORT E N T R Y  6a 2u 1c 1
5 I n i t i a l i z a t i o n  5 6 a 2 u l c l a

EXIT PCAL.L; 6a2u1c2
%coroutine body% 6a2uid
END. 6a2ule

6a2ulel
( proce du r e )  6a 2v
(procname) 5 CL: ; one— line—description 5
P R O C E D U R E  ( a r g i  < t y p e > , .. .,  ar gn 5 = > ( m e t a — r e s )  r e s i
<t ype > , .. ., resn %); 6a2v1

5 Procedure description 6a2vla
FUNCT iON 6a2vlal

none 6a2v lala
A R G U M E N T S  6 a 2 v 1a 2

none  6 a 2 v l a2 a

• On—L ine Programmers Management System:
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RESULTS 6a2v1a3
none 6a 2v l a 3 a

N O N — S T A N D A R D  CONT R OL 6 a 2 vl a 1ê
none 6a 2v l a4a

5 6a2v 1a5
5 D e c l a r a t i o n s  5 6a2vlb - •

Sprocedure bodyS 6a2vlc
S Return S 6a2vld

RETURN; 6a2vldl
END. 6a2vle

$5 6a2vlel

(program) 6a2w
SGR S FiLE SubSysN ame S GRammar  5 6a2w 1

S C O M P i L E — I N S T R U C T I O N S  ~ 6 a 2 w l a
INCLUDE <SsSrc , NLS—Grammar , flags !subsystems>

6a 2w l a l
5 DECLARAT iONS 5 6 a 2 w l b

INCLUDE <SsSro , NLS—Grammar , dec lara t ions
• lun iversal> 6a2wlbl

DECLARE COMMAND WORD 6a2w 1b2
% subsys tem command words ( should be 100 to
127)5 6a2wlb2a
“CO M M A N D i ”  = 100 , 6a2wlb2b
“COMMANDn ” = i O n — i ;  6 a 2 w i b 2 c
5% 6 a 2 w l b 2 d

D E C L A R E  F E F U N C T 1 O N  6a2w1b 3
fefunc i , 6a2wlb3a
fefuncn; 6a2wlb 3b

D E C L A R E  F U N C T I O N  6 a 2 w 1b 4
PROCESS = “PROCESSX” , PA CKAGE = “PCKX” : 6a2wlb4a

xrout inel , 6a2wlb4ai
xroutinen; 6a2w1b14a2

DECLARE GLOBAL 6a2w1b5
globall , S short  d e s c r i p t i o n  of global l S

6a2w1b5a
globain; 5 short description of globaln S

6a2wlb5b
DECLARE V A R I A B L E  6a 2w 1b 6

variablel , 6a2wib6a
var iablen; 6a2wlb6b
55 6a2w l b6c

5 C O M M O N — R U L E S  5 6a 2w l o
iNCLUDE <SsSrc , NLS—Grammar , rules !universal> 6a2wlcl

6a2wlcla
rulel = <rule—body>; 6a2w1c2

6a2wic2a
rulen <rule—body> ; 6a2w1o3

6a2wlo3a

• On—Line Programmers Management System:
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SS 6a2w1c3b
S COMMANDS S S U B S Y S T E M  Su b S y s N am e  K E Y W O R D
“SUBSYSNA ME” 6a2hld

IN1TLAL 1ZA T1ON 5 for SubSyshame S 6a2hldl
initsubsys = xinitsubsysO;

6a2wldla
T E R M I N A T I O N  5 fo r  Su bSys E am e  5 6 a 2 w 1 d 2

trasubsys = xtrm subsysO;
6 a 2 w i d 2 a

c o m m a n d i  C O M M A N D  = “ C G M M A N D W O R D 1 ”  6 a 2 w 1 d 3
<rule—body> 6a2wld)a
xroutine l (variablel , variable2);

6a2~~1d3bo o m m a n d 2  C O M M A N D  = “COMMANDWOIt D2” 6a2w1c1 4
<rule—body> 6a2wld4a
xroutine2(variab lel , variable2);

6a2wld4b
i N C L U D E  <SsSrc , N L S— G r a m m a r , c o m m a n d s
t u n i v e r s a l >  6 a 2 w 1 d 5
END. 6a2w1d6

FiNISH 6a2wle

SP F C% FILE S u b Sy s N a m e  S Parse/Fe functions Code S 6a2w2
5 D E C L A R A T iONS 5 6 a 2 w 2 a
S CODE 5 6 a 2 w 2 b

( F E F u n c t i o n N a m e )  5 CL: ; o n e — l i n e  d e s c r i p t i o n
S
P R O C E D U R E  (reason , ins truc t ion , a c c u m u l a tor KEF ,
argcoun t , ar gumen t s  R EF , savewor d 5 = > resu lt
5); 6a2w2b1

5 FEFunction description 6a2w2bla
F U N C T I O N  6a 2w 2bl a l

none 6a2w2biala
ARGUMENTS 6a2w2b1a2

reason — reason  f e f u n c t i o n  is be ing
invoked 6a2w2bia2a
instruction — byte pointer to grammar
instruction 6a2w2bla2b
accumula to r  — poin te r  to global
a c c u m u l a t o r  6a 2w 2bl a 2c
ar gcoun t — c o u n t  of nu mbe r of ar gu m e n t s
f r o m  grammar  cal l  6a 2w 2bl a 2d —

• arguments — pointer to array of argu-
ment values from grammar call 6a2w2bla2e
savewor d — word of context retained by
Frontend 6a2w2bla2f

R E S U L T  6a2w2b1a3 •
r eason descr ib in g fe fu n c t ion resul t

6a2w2bla3a

Final Technical Report
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NON— STANDARD CONTROL 6a2w2blak
none 6a 2w2bl a4a

5 6a2w2b1a5
5 Dec larat ions 5 6 a 2 w 2 b l b
CASE reason OF 6a 2w2 bl c

= p a r s i n g : S being invoked for first time
d u r i n g  command  5 6a2w2blcl

BEGIN 6a2w2blcla
5 dec id e whet he r FF is on t he cor rec t
p a t h  t h r o u g h  the  g r a m m a r  5 6a2w2blclb
IF 5 no t on r ight pat h 5 THEN R E T U R N
(notme); 6a2w2blcic
S do processing S 6a2w2blcld
savewor d — 5 word of context to be
saved or 0 — if 0 , w i l l  not  be ca l l ed
during backup, etc. 5; 6a2w2blcie
om iresu lts ( N , result i , . . .  resultN); S
r e t u r n  N r e su l t s  — nee d not be cal led
if not returning any results. Results
returned will be freed by the FE auto-
matically5 6a2w2blelf
R E T U R N  (dosuc , savewor d); 6a2w2biclg
E N D ;  6a2w 2bl c lh

= te r mi n a t e :  5 command is done , c l e a n u p  S
6a2w2b 1 c2

= aborteed : 5 command was a b o r t e d , c l e a n u p
and restore state 5 6a2w2b1c3
= backup: S command was backed up 5 6 a 2 w 2 b i c lI
E N D C A S E  ABORT (??? , $“Bug : Illegal reason
to a F E F u n c t ion ”); 6a2w2bio5

RETURN; 6a2w2bld
E N D .  6a 2w2 bl e

55 6a2w2blel
(ParseFunctionhame) 5 CL: ; one—line-
description S
CO R OUT 1NE (r eason , in s t r u c t ion , a c c u m u l a tor REF ,
ar gcount , ar gumen t s  REF , savewor d 5 => result
5); 6a2w2b2

5 Parsefunction description 6a2w2b2a
F U N C T i O N  6 a2w 2 b 2 a 1

none 6a2w 2b2a 1a
A R G U M E N T S  6a2w2b2a2

reason — reason parsefunction is being
in voked 6a2w2b2a2a
in s t r u c t ion — b y t e  po in te r  to grammar
i n s t r u c t i o n  6a2w2b2a2b
accumu lator — pointer to global
a c c u m u l a t o r  6a 2w 2b2a2c

On—L ine Programmers Management System:
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argcount — count of number of arguments
- - - f r o m  g r a m m a r  c a l l  6a2w2b2a2d

arguments — pointer to array of argu-
ment values from grammar call 6a2w2b2a2e
s a vew o r d  — w o r d  of c o n t e x t  r e t a i n e d  by
F r o n t e n d  6 a 2 w 2 b 2 a 2 f

RESULT 6a2w2b2a3
reason describing parsefunction result

6a2k2b2a3a
NON— STANDARD CON TROL 6a2w2b2a14

none  6 a 2 w 2 b 2 a 14a
S 6a2w2b2a5

• 5 Declarations 5 6a2w2b2b
S Initial entry pcint S 6a2w2b2c

PORT ENTRY 6a2w2b2c1
$ Initialization 5 6a2~ 2b2c1a

EXIT PCALL; 6a2w2b2c2
<coroutine body> 6a2w2b2d

• END. 6a2w2b2e
6a2w2b2e1

F i N i S h  6 a 2 w 2 c

SP F D %  F iLE S u b Sy s h a m e  5 P a r s e / F e  f u n c t i o n s  Data $ 6a2w 3
F IN 1SH 6a2w 3 a

SEES FiLE S u b Sy sh a m e  S BackEnd 5 6a2w~4
$ D E C L A R A T I O N S  ~ 6a2w 14a

S Dispatch—Table: address of routine—name-
str in g , address of routine 5 6a2w 14a1

( s u b s y s n a m e)  E X T E R N A L  = ( 6a2w l4ala
$ “ X R O U T L N E l ” , $x r o u t i n e l , 6 a 2 w 4 a l a i
$ “ X R O U T 1 N E n ” , $ x r o u t i n e n , 6 a 2 w 1 4 a 1 a 2

- -
~ 0,0); 5 table must end with zero 5 6a2w 14a1a 3

$5 6 a 2 w 1 4 a i a 1 4
5 C o m m a n d  w o r d s  5 6a2w14a2

(cwl) CONSTANT = 1005; 6a2w14a2a
(cwn ) CO NSTANT = i O n — i S ;  6 a 2 w 1 4 a 2 b

6a2w14a2c
5 X — R O U I I N E S  S 6a2w 14b

(xroutinel) 5 one— line description 5 6a2w14b 1
( x r o u t i n e n )  5 one— line description 5 6 a 2 w 1 4 b 2

5 CORE— ROUTiNES 5 6a2h 14c
(oroutinel) 5 one— line description $ 6a2h14c1
( c r o u t i n e n)  S o n e — l i n e  d e s c r i p t i o n  5 6 a 2 w 1 4c 2

5 SUPPORT—ROUTiNES 5 6a2w 14d
( s r o u t i n ei )  S one—line description S 6 a 2 w 4 d 1
( s r o u t i n el )  S o n e — l i n e  description S 6a2w14 d2

F iN I S H  6a 2w 14e

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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(run- program) 6a2x
• FiLE P r o g r a m h a m e  5 Description $ 6a2x1

-
• 5 DECLARATIONS S 6a2xla

(ProgramName) 5 CL: ; one—line—d escription S
PROCEDURE (argi <type> , . . . ,  a rgn  5 => (m e t a - r e s]  r e sl
< t y p e > , . . . ,  resn 5); 6a2x2

5 Procedure description 6a2x2a
FUNCTION 6a2x2a1

none 6a2x2ala
ARGUMENTS 6a2x2a2

none 6a2x2a2a
RESULTS 6a2x2a3

— none 6a2x2a3a
NO N - S T A N D A R D  C O N T R O L  6a2x2a Z$

none 6a2x2a 14a
5 6a 2x 2a5

5 D e c l a r a t i o n s  ~ 6 a 2 x 2 b
%p r o c e d u r e  body S  6a2x2c

• 5 Return 5 6a2x2d
RETURN; 6a2x2d1

E N D .  6a2x2e
FiN I S H  ~~ 

6a2x21

(sequence—generator) 6a2y
(nameofseqgen) 5 CL: ; o n e — l i n e — d e s c r i p t i o n  S
PR OC E D U R E  (sw R E F , entrytype ); 6a2yi

5 Procedure description 6a2yla
F U N C T I ON 6 a 2y l a i

This is a user sequence generator . That
6a2ylala

ARGUMENTS 6a2y1a2
m u — REF—add ress of sequence work area. See
recor d def , (nine , brecords , seqr). 6a2yla2a
entrytype — INTEGER—entry type. 6a2yia2b

=sqopn: called at seq open to initialize
a wor k area  6a 2y la 2b l
=sqgnxt: called for next in seq 6a2y1a2b2
=sqcls: called at seq close to release
the workarea 6a2y1a2b3

RESULTS 6a2y1a3
none 6a 2y l a3a

NCN— STANDAK D CONTROL 6a2y1a4
wh en  c a l l e d  with entry type sqgnxt , a p seu do
c o r o u t i n e  is used  fo r  the  sequence  genera tor
return mechan ism. Control is given up by
cal l in g sen d or sport , wh ich eventually
switches the stack. Control is returned when

O n - L i n e  P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
F i n a l  T e c hn i c a l  R e p o r t
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a ca l l  is made  to  s e q g e n , h h i ch m a k e s  a

~ 
oo r o u t ine por~t cal]. to the stack associated

ii ~ - with this sequence work area. 6a2yla l4a
.4 signal is generated (err is called ) when
the seq generator is called with an illegal

• e n t r y  t y p e .  6 a 2 y l a l4o
• N o t e :  f o r  an e x a m p l e  look at  s y s t e m  sequence

generator. 6a2gia14c
5 6a2y1a5

S Dec la r a t ions ~~ 
6 a 2 y l b

5 Caution! ! Locals are not consistent across en-
t r i e s  S 6a2y lbl

5 select entry point 5 6a2y lc
CASE entrytype OF 6a2ylcl

=sqopn: 5 called at seq open 5 6a2ylcla
NULL; 6a2ylcl al

= s q g n x t :  S call for next in seq S 6a2ylcib
LOOP 6a2y l clb l

BEGIN 6a2y lclb la
S per t ‘rm activities unique to this seq
generator 5 6a2y lc lb lb
5 make  “coroutine ” call via, call to
send or sport ~ 6a2y lclb lc
5 s e n d ( $ s w , — addr of a sequence
work area 6a2y lclb ld

$str); — an ENDF1L or addr
of a string 5 6a2ylclb le
S sport($sw); — addr of sequence
work area 5 6a2 y lc lb lf
S returned here by sport call from
seqgen S 6a2y l clb lg
5 get next in sequence S 6a2y lcl b lh
END; 6a2y lcl b li

=sqcls: 5 called at seq close 5 6 a 2 y l c i c
NULL ; 6a2y lcl cl

E N D C A S E  e r r ( $ ” B u g ” ) ;  6 a 2 y l c l d
5 Return 5 6 a 2 y l d

R ETURN ; 6 a 2 y l d i
END. 6 a 2 y l e

6 a 2 y l e l

( s o r t — k e y )  6a2z
( S o r t h a m e )  F I L E  6 a 2 z 1

A L L O W !  6 a 2 z l a

% D e c l a r a t i o n s %  6 a 2 z 2

5.. .Default key procedure.. .5 6 a 2 z 3

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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(defkey) 5 CL : ; o n e — l i n e — d e s c r i p t i o n  S
PROCEDURE (st id , 5 handle of the statement begin
c o n s i d e r e d  ~ 6a2z3a

buffer , S address of a buffer to hold the
s o r t i n g  i n d e x  $ 6a2z3a 1
bufflength); 5 the maximum size (in hords) of’
t h e  s o r t i n g  i n d e x  5 6a2z 3a2
$ Procedure description 6a2z3a3

F U N C T i O N  6a2z3a3a
none 6a2z3a3a1

ARGUMENTS 6a2z3a3b
none 6a2z3a3b 1

RESULTS 6a2z3a3c
none  6 a 2 z 3 a 3 c 1

N O N — S T A N D A R D  C O N T R O L  6a2z3a 3d
none  6 a 2 z 3 a 3 d 1

S 6a2z 3a3 e
S Declarations 5 6a2z3a14
%procedure body% 6a2z3a5
5 Return 5 6a2z 3a6

RETURN (partial— index—flag, S TRUE — data in
buffer only high— order bits of the sorting
index FALSE — b u f f e r  v a l u e  is f u l l  s o r t i n g
i n d e x  5 6a2z 3a6a
word—coun t); S integer indicating the number
of w o r d s  a c t u a l l y  used in the buffer 5 6 a2 z 3 a 6 b

END. 6a2z3a7
6a2z3ala

b u f f e r , b u f f i e n g t h ) ;  6a2z3b
6a 2z3c

F i N I S H  6 a 2 z 4

( s u b s y s t e m)  6a2aa
% G R %  F I L E  Su b sy s N a m e  5 GRammar 5 6 a 2 a a l

S COMPILE— iNSTRUCTIONS 5 6 a 2 a a l a
• INCLUDE <SsSrc , NLS—Grammar , flags !subsystems>

6 a 2 a a l a i
S D E C L A R A T iON S S 6 a 2 a a lb

i N C L U D E  < SsSrc , N L S — G r a m m a r , d e c l a r a t i o n s
luniversal> 6a2aalbl
D E C L A R E  COM M A N D  W O R D  6a2aa lb2

Ssubsystem command words (should be 100 to
127)5 6a2aalb2a
“COMMAND 1” = 100 , 6a2aalb2b
“COMMANDn ” = i On — i ; 6a2aalb2c

6a2aalb2d
DEC LA R E  F E F U N CTI ON 6 a 2 a a l b 3

f e f u n c i ,

On-L ine Programmers Management System:
F inal Tec hn ica l R e p o r t
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f e f un c n ;  6 a 2 a a l b 3 b
D E C L A R E  F U N C T i O N  6 a 2 a a l b 1 4

PRO CESS = “PR CCESSX” , PAC KA GE = “ P C K X ”  : 6 a 2 a a lb 4 a
x r o u t i n e i , 6 a 2 a a l b 4 a l
x r o u t i n e n ;  6 a 2 a a l b 1 4a 2

DECLARE GLOBAL 6a2aaib5
global l , 5 short description of globall S

6a2aal b5a
gl o b ain ;  5 short description of globain S

6a2aa 1 b5b
DECLARE VARIABLE 6a2aalb6

v a r i a b l e l , 6 a 2 a a l b 6 a
variablen; 6a2aalb6b
5% 6a2aalb6c

5 COMMON— RULES 5 6 a 2 a a l c
IN CLUDE <SsSrc , NLS— Grammar , rules !univer sal>

6a2aaic 1
6a2aa 1 cia

r u l e l  = (rule—body>; 6a2aalc2
6a2aalc2a

rulen = <rule -body>; 6a2aaic3
6a2aalc3a
6a2aalc3bF - S COMMA NDS S SUBSY STEM Sub SysN am e K E Y W O R D

“SUESYSNAME” 6a2aald
INiTiALiZATION 5 for SubSysName 5 6a2aaldl

i n i t s u b s y s  = xinitsubsysO;
6a2aaldla

TERM iNATION 5 for SubSyshame 5 6a2aaid2
t r m s u b s y s  = x t r m s u b s ys O ;

6 a 2 a a l d2 a
c o m m a n d i  COMMAND “ C O M M A N D W O R D 1 ”  6 a 2 a a l d 3

< r u l e — b o d y >  6 a 2 a a l d 3 a
xrouttnei(var iablei , variable2);

6 a 2 a a l d 3 b
c o m m a n d 2  C O M M A N D  “COMMANDWOR D2” 6a2aald4

<rule— body> 6a2aald14a
xrout ine2(variablel , var iable2);

6a2aald14b
iNCLUDE <SsSrc , NLS—Gra mmar , comma nd s
lun iversal> 6a2aaid5
END. 6a2aald6

F iN I S H  6a 2aa l e

SPFC% F iLE SubSysName 5 Parse/Fe functions Code % 6a2aa2
S D E C L A R A T I O N S  5 6a 2aa 2a
$ CODE 5 6a2aa2b

( F E F u n c t i o n N a m e )  5 C L :  ; o n e - l i n e  d e s c r i p t i o n
S

On— L ine Programmers Management System :
F inal  Tec hn ical Re por t
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PROCEDURE (reason , instruction , a c c u m u l ator REF ,
argeount , arguments REF , savewo rd 5 => re sul t
5) ;  6a2aa2bl

5 FEFunction description 6a2aa2bia
FUNCTiON 6a2aa2blal

none 6a2aa2blala
ARGUMENTS 6a2aa2bla2

reason - r ea son  f e f u n c t i o n  is b e i n g
invoked 6a2aa2bla2a
instruction — byte pointer to grammar
i n s t r u c t i o n  6 a 2 a a 2 b l a 2 b
accumulator — pointer to global
accumulator 6a2aa2bla2c
argcount — count of number of arguments
from grammar call 6a2aa2bla2d
arguments — p o i n t e r  to a r r a y  of argu-
ment values from grammar call 6a2aa2bla2e
saveword  — word of context retained by
F r o n t e n d  6 a 2 a a 2 b la 2 f

R E S U L T  6a 2aa 2b la 3
- r eason  describing fefunction result ‘1

6a2aa2bla3a
-
• NON— STANDARD CONTROL 6a2aa2b1a 14

none 6a2aa2bla4a
5 6a2aa2bla5

S D e c l a r a t i o n s  S 6a2aa2blb
CASE r eason  OF 6 a 2 a a 2 b l c

= p a r s i n g : S b e i ng  i n v o k e d  f o r  f i r s t  t i m e
during command 5 6 a 2 a a 2 b l c l

BEGiN 6a2aa2bleia
5 dec ide  w h e t h e r  FF is on t he  co r re ct
p a t h  t h r o u g h  t he  g r a m m a r  S 6 a 2 a a 2 b l c i b
IF $ not  on r ig ht path 5 T H E N  R E T U R N
( n o t m e ) ;  6 a 2 a a 2 b l c l c
5 do processing 5 6 a 2 a a 2 b l c l d
s a v e w o r d  — 5 word  of c o n t e x t  to be — -

saved or 0 — if 0 , w i l l  no t  be c a l l ed
d u r i n g  b a c k u p ,  e t c .  5; 6a2aa2blcle
cm ir esu lts  ( N , r e su lt i , . .. r e s u l t N ) ;  S
r e t u r n  N r e s u l t s  - need not  be ca l led
if no t  r e t u r n i n g  any  r e s u l t s.  R e s u l t s
r e t u r n e d  w i l l  be f r e e d  by t he  FE a u t o —  I 

-

m a t i c a l iy 5  6 a 2 a a 2 b l c l f
R E T U R N  (dos uc , sav ewor d) ; 6a2aa2blclg
E N D ;  6a2aa2blclh

= t e r m i n a t e :  5 command is done , c l e a n u p S
6a2aa2blc2

= abortcmd : 5 c o m m a n d  was  a b o r t e d , c l e a n u p
an d res tore sta te  S 6a 2aa 2bl c3

I
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= backup: S comm and was backed up S 6a2aa2bl c l4
EN DCA SE A BOR T (7?? , $“Bug : illegal reason

- C R to a FEFunct ion ”); 6 a 2 a a 2 b i c 5
RE TURN; 6a2aa2b ld
END. 6a2aa2bie

5% 6a2aa2blel
(ParseFunctionName) 5 CL :  ; o n e — l i n e —
descript ion S
COROUT1 NE (reason , instruction , accumulator hEF ,
argcount , arguments P.EF, save~ ord $ :> result
5); 6a2aa2b2

$ Parsefunctio n description 6a2aa2b2a
FUNCTiON 6 a 2 a a 2 b 2 a l

none 6a2aa�b2ala
ARGUMENTS 6a2aa2b2a2

reason — reason parsefunction is being

~ invoked 6a2aa2b2a2a
instruction — byte pointer to grammar
instruction 6a2aa2b2a2b
accumulator — pointer to global
accumulator 6a2aa2b2a2c
argcount — count of number of’ arguments

t from grammar call - 6a2aa2b2a2d
arguments — pointer to array of argu-
ment values from grammar call 6a2aa2b2a2e
s a v e w o r d  — word of context retained by
Frontend 6a2aa2b2a2f

- • RESULT 6a2aa2b2a3

t reason describing parsefunction result
6 a 2 a a 2 b 2 a 3 a

NON— STANDARD CONTROL 6a2aa2b2a4
none  6 a 2 a a 2 b 2 a 4 a

S 6a2aa2b2a5

j 5 Declarations % 6a2aa2b2b
- 

I 5 initial entry point S 6a2aa2b2c
POR T E N T R Y  6 a 2 a a 2 b 2 c l

S initialization S 6a2aa2b2cla
E X I T  P C A L L ;  6 a 2 a a 2 b 2 c 2

(coroutine body> ôa2aa2b2d
- 

- E N D .  6 a 2 a a 2b 2 e
SS 6a2aa2bZel

F1N1SH 6a2aa2c

% P F D %  F I L E  Su b S y s h a m e  5 P a r s e / F e  f u n c t i o n s  Data  S 6 a 2 a a 3
F iN iSH 6a 2aa3a

SEE S F iLE Su bSy sName  5 Sa ck E n d  S 6a2aa 14

5 D E C L A R A T iON S S S a 2 a a 1 4a

On— Line P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
F i n a l  T e c h n i c a l  R e p o r t
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5 Dispatch— Table: address of routine— name—
string, address of routine S 6 a 2 a a 4 a i

(subsysname) EXTE RNAL = ( 6 a 2 a a 4 a l a
$“XROU TINE l” , $xroutinel , 6a2aa14alal
$“XfiOUTINEn ” , $xroutinen , 6a2aa llala2
0,0); 5 table must end with zero S 6a2aa 14 a1a 3 —

6 a 2 a a 4 a l a 4
5 Command Words $ 6a2aa4a2

( o w l )  C O N S T A N T  = 1006; 6a2aa 14a2a
(own) CONSTANT = lOn — lE ; 6a2aa4a2b
5% 6 a 2 a a 1 4a 2 c

5 X—ROUT1NES S 6a2aa 14b
( x r o u t ’ in e i )  S one—line description S 6a2aa4bi
(xroutinen) S one—line description S 6a2aa J4b2

$ CORE—ROUTiNES $ 6 a 2 a a4 c
(croutinel) 5 o n e — l i n e  d e s c r i p t i o n  S 6a2aa4cl
(croutinen) S o n e — l i n e  d e s c r i p t i o n  S 6 a 2 a a4 c 2

S SUPPORT— ROUTiNES $ 6a2aa4 d
N (sroutine l) 5 one— line description $ 6 a 2 a a 1 4d i

( s r c u t in e i )  $ one— line description $ 6a2aa4d2
FiNiSH 6a2aa4e

(support—module) 6a2ab
- • S SUP 5 FIL L Pro gr amNa me $ Su pp or t Rou ti ne S 6a 2a b l

$ DECLARATiONS $ 6 a 2 a b l a
6 a 2 a b lb

• S PROCEDURE $ 6a2ablc
(procname) 5 CL: ; o n e — l i n e — d e s c r i p t i o n  S
PROCEDURE (argi (type> , . ,  a r g n  5 => [meta—
res] resi < type> , .. . , resn 5); 6 a 2 a b l c i

5 P r o c e d u r e  d e s c r i p t i o n  6 a 2 a b l c l a
FUNCTION 6a2ablcial

none 6a2ablclala
ARGU MENTS 6a2ablcla2

none 6a2abiola2a
RESULTS 6a2ablola3

none  6 a 2 a b l c i a 3 a
NON— STANDARD CONTROL 6a2ablcla 14

none 6a2ablcia l4a
S 6 a 2 a b l c l a 5

S -D e c l a r a t i o n s  S 6 a 2 a b i c l b
%p r o c e d u r e  b o d y S  6 a 2 a b l c i c
5 R e t u r n  5 6 a 2 a b l c i d

RETURN; 6a2ab icldl
E N D .  6 a 2 a b l c l e

6 a 2 a b l c l e l
S PR OCEDURE S 6a2abld

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  Sy s t e m :
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(p r o e n a m e )  5 CL:  ; o n e - l i n e — d e s c r i p t i o n  5
PROCEDURE (argl <type> , . .  . ,  a r g n  S = >  ( m e t a —
res] ree l <type> , . . . ,  re an 5 ) ;  6 a 2 a b l d l

5 Procedure description 6a2abidla
FUNCTiON 6a2abldlal

none  6 a 2 a b l d i a l a
ARGUMENTS 6a2abidla2

none  6 a 2 a b l d i a 2 a
RESULTS 6a2abldla3

none  6 a 2 a b l d l a 3 a
N O N — S T A N D A R D  C O N T R O L  6 a 2 a b l d l a k

• none 6a2abldla4a
S 6 a 2 a b l d l a 5

5 D e c l ar a t i o n s  $ 6a2ab ld lb
Sp r o c e d u r e  body S  6 a 2 a b i d l c
5 R e t u r n  5 6 a 2 a b i d l d

RETURN; 6a2abldidl
• END. 6a2abldle

$5 6 a 2 a b l d i e l
FiNISH 6a2able

: 1 (until—do) 6a2ac
U N T i L  u n t i l — c l a u s e  DO 6a2 a c l

BEGI N 6a 2ac l a
E N D ;  6 a 2 a c i b

(while—do) 6a2ad
WHILE while— clause DO 6a2ad i

BEGIN 6a 2a dl a
T I  END; 6a2adlb

(jov ia l )  6a3

- I  (directive) 6a3a
I C O M PO O L ‘- c o m p o o l — f i l e ’ n a m e , name ; 6a3 a 1

(so ur ce )  6a3 b
COM P O OL. c o m p o o l — n a m e  ; 6a3b 1

B E G I N  6 a 3b l a
L END 6 a 3 b ib

( b y — w h i l e )  6a3c
F O R in d e x :  in it ial BY in c r e m e n t W HILE in d ex re lat iona l
stopvalue; 6a3c 1

B EGIN 6 a3 c la
END 6a3c lb

(then—wh ile) 6a3d
• FOR item— name THEN formula hR1LE conditional-formula ; 6a3d1

O n — L i n e  P r o gr a m m e r s  M ana gemen t  Sys t em:
Final Technical Report
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. tpp endix  2: P R O G R A M S  S u b s y s t e m  Templa tes

statement ; 6a3dla

(if—else) 6a3e
iF conditional-formula ; 6a3e1

statement ; 6a3ela

ELSE e l s e — s t a t e m e n t  ; 6a3e2

( c a l l)  6a3f
p r c c e d u r e — n a m e € d a t a — b a s e ( i n p u t — p a r a m e t e r , i n p u t —
p a r a m e t e r  : o u t p u t — p a r a m e t e r , o u t p u t — p a r a m e t e r )  ;
“ c o m m e n t ”  6a3 f1

( declara ti on )  6a3g
PROC procedure—name data—allocator (input—parameter ,
input—parameter : output—parameter , output—parameter)
; 6a3g1

BEGiN 6a3gla
“DECLARATIONS ” 6a3glb

- 

- 
“ P R O C E DURE BODY ” 6 a3 gl c
END 6a3gld

( pr o g r a m )  6a3h
I C OM PO O L !  ( ‘ J 7 3 I 0 . C M P ’ ) ;  6a3h 1

PROGRAM programname “ D e s c r i p t i o n  “ 6a3h 2
BEGiN - 6a3h2a

P r o g r a m  d e s c r i p t i o n  “ 6a3h2b
“ DECLA R ATIONS “ 6a3h2c

“ E X T E R N A L  P R O C E D U R E S  “ 6a3 h2c 1
“ one—l ine—description “

REF PROC p r o on a m e  ( i n p u t — p a r a m e t e r l , . . .,
input—parametern : output parameter l , . . . ,

o u t p u t — p a r a m e t e r n )  ; 6 a 3h 2 c l a
“ P r o c e d u r e  d e s c r i p t i o n  6 a 3 h 2 c l a l

F U N C T I O N  6 a 3h 2 c l a l a
none  6 a 3h 2 c l a l a l

ARGUMENTS 6a3h2c lalb
none  6 a 3 h 2 c l a lb l

RESULTS 6a3h2clalc
none  6 a 3 h 2 c l a i c l

N O N — S T A N D A R D  C O N T R O L  6 a 3 h 2 c l a l d
none  6 a 3 h 2 c l a l d l

6a3h2ciaie
B E G I N  6a3h 2 c 1a2
“ D e c l a r a t i o n s  “ 6a3h2o1a3

• END 6a3h2c1a4
“ SUBROUTi N ES DE FI N ED “ 6a3h2c2

“ one—l ine—description ‘I

On—L ine Programmers Management System:
F i n a l  T e c h n i c a l  R e p o r t
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A p p e n d i x  2:  P R O G R A M S  S u b s y s t e m  T e m p l a t e s

DEF P R OC ( p r o o n a m e )  ( i n p u t — p a r a m e t e r l , . . .,

i n p u t — p a r a m e t e r n  : o u t p u t  p a r a m e t e r i , . . . ,

o u t p u t — p a r a m e t e r n )  ; 6a3h 2c2a
“ P r o c e d u r e  d e s c r i p t i o n  6a3h2c2a1

FUNCTiON 6a3h2c2ala
none  6 a 3 h 2 o 2 a i a l

A R G U M E N T S  6 a 3h 2 c2 a 1b
none 6a3h2o2albl

RESULTS 6a3h2c2alc
none  6 a 3h 2 c 2 a l c l

N O N — S T A N D A R D  C O N T R O L  6 a 3 h 2 c2 a l d
none 6a3h2c2aldl

“ 6 a 3 h Z c 2 a l e
B E G i N  6 a 3h 2 c 2 a 2
“ D e c l a r a t ions “ 6a3h2c2a3
“ p r o c e d u r e  body ” 6a3h2c2a 14
“ R e t u r n  “ 6a3h2c2a5

RETURN; 6a3h2c2a5a
E N D  6a~~h 2 c 2 a 6

“ iTE M S D E F I N E D  “ 6 a3h 2 c 3
iTEM i t e m n a m e  i t e m t y p e ;  6a3h2c 3a

“program body ” 6a3h2d
ENI, 6a3h2e

5% 6a3h2e1

(declaration) 6a3i
P R O G R A M  p r o g r a m - n a m e  ; 6a3i 1

B E G I N  6 a3 i l a
“ D E C L A R A T I O N S ”  6a3 11b
“ P R O G R A M  BODY ” 6 a 3 i l o
END “program—name ” 6a3ild

( s w i t c h)  6a3j
SWITCH numer ic— formula ; 6a3j1

BEGIN 6 a 3j l a
( ]  s t a t e m e n t  ; 6 a 3j 1 b
( )  s t a t e m e n t  ; 6a3j1 c
( 3  statement ; 6a3j1d
END 6a3j1e

(while) 6a3k
WHILE cond itional— formula ; 6a3k1

controlle d— statement ; • 6a3kla

(m e t a )  6a4

( p r o g r a m )  6a4 a
F1L. E f il ename 5 one l ine  comment  5 6 a4 a 1

META program 6a14a1a

O n — L i n e  Programmers  M a n a g e m e n t  Sys t em:
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Appendix 2: PROGRAMS Subsystem Templates

S C OM PILE R HEADER S 6a Ilalal
DUMMY : 6 a 1 4a l a l a
E R R OR :  6a 11a l al b
FLAGS:  6 a4 a l a l c
A I T R U B U T E S :  6 a 1 4a l a l d
OPCODES: 6a4alale
SET : 6a4a l a l f
S I Z E :  6allalalg
FiELDS : 6a l4alalh

5 S Y N T A X  R U L E S  5 6a4 a 1a2
identifier rulebody; 6a4ala2a

5 PR ODUCTIO N RULES 5 6a4 a 1a3
identifier [test—expression] = > 6a l4 a l a 3 a

p r o d u c t i o n — r u l e — b o d y ;  6 a 1 4a l a 3 a l
i d e n ti f i e r ( t e s t — e x p r es s i o n ]  => 6 a 1 4a l a 3b

production -rule-body; 6al4ala3bl
5 V A L U E  R U L E S  5 6 a4 a 1a4

i d e n t i f i e rt t e s t — e x p r e s s i o n ]  :=  6a l I a la4 a
value-rule— body; 6a14a 1a4a1

i d e n t if i e r [t e st — e xp r e s s i o n ]  :: 6a4aia11b
v a l u e — r u l e — b o d y ;  6 a4 a l a 4 b i

F I N I S H  6a 14 a 1b

U .
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A p p e n d i x  : C o m m a n d  Sequence  P r o c e s s o r  D e s i g n  Specifications

A p p e n d i x  3: Command  Sequence  P roces so r  Des ign  S p e c i f i c a t i o n s :
A U G M E N T  J o u r n a l  ( 2 9 0 1 46 , )  Dona ld  1. A n d r e w s , 28 J a n u a r y  1979 7

COMMAND SEQUENCE PROCESSOR DESIGN SPECiFiCATi ONS 7a

P r e f a c e  7b

This  r e p o r t  is a user— level description of an N a t i o n a l  Soft-
ware Works facility for writing and executing Command

• Sequences for NSW tools and the NSW EXEC. it was prepared
f o r  the  R A D C  NS W p r o j e c t , C o n t r a c t  F 30602— 75—C—O32O 7b1

I n t r o d u c t i o n  7c

A Command  S e q u e n c e  is a collection of one or more commands
- w i t h  a u n i q u e  name . The user  i n v o k e s  a C o m m a n d  S e q u e n c e  by
its name ; the NSW Frontend then processes the Sequence as if
t he  user  were  t y p i n g  in t h a t  c o l l e c t i o n  of c o m m a n d s  h i m s e l f .
The commands available for Command Sequence use include the
N SW EXEC c o m m a n d s , all  s p l i t  tool  c o m m a n d s , and u n s p l i t  tool
i n p u t - — i n  s h o r t , e v e r y t h i n g  the  use r  is a l l owed  to do in the
N SW , including the use of other Command Sequences. This
Fron ten d f e a t u r e  an d its  assoc~ ate d pro gram m odules  ar e
ca l l ed  the  Command  Sequence  P r o c e s s o r .  70 1

The g r ea t  a d v a n t a g e  of a Command Sequence  f a c i l i t y ,  of
course , is t h a t  i t  a l lows  u s e r s  to “ p r o g r a m ” in the  c o m m a n d
l a n g u a g e  w i t h  w h i c h  t h e y  are  f a m i l i a r ;  t h a t  is , t h e y  can
specify a series of operations and have this “Program ” exe—
o u t e d  at any  t i m e . No programming language must be learned.
A l t h o u g h  t h i s  k ind  of f a c i l i t y  is available on many time—
shar in g syst ems , i t  is g e n e r a l l y  m i s s i ng  t he  co nt rol
c o n s t r u c t s  ( e . g . ,  IF , FOR , C A S E )  so h e a v i l y  used  in
a l g o r i t h m i c  l a n g u a g e s .  The N SW Command  Sequence  Processor
includes control f e a t u r e s , and h e n c e  p r o v i d e s  a c o mp l e t e
lan gua ge for  “command programming ” . 7c2

The CLI g r a m m a r — d r i v e n  i n t e r f a c e  s y s t e m , w i t h  i t s  recogni-
t i o n  modes , f e e d b a c k  and noise  w o r d s , and h e l p  f e a t u r e s , is
a s i g n i f i c a n t  i m p r o v e m e n t  in m a k i n g  m a n — m a c h i n e  i n t e r f a c e s
coherent and natural. The inclusion of the Command Sequence
facility complements a powerful system by bringing
p r o g r a m m i n g — l i k e  c ap a b i l i t i e s  i n t o  t he  user  i n t e r f a c e .  7c3

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
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A p p e n d i x  3: C o m m a n d  Sequence  Processor  Design S p e c i f i c a t i o n s

C a p a b i l i t i e s  7d

The Command Sequence Processor (CSP) will have three basic
c a p a b i l i t i e s :  7d 1 -

- 
-

R u n n i n g  “ c a n n e d”  command  s t r i n g s , in the  same m a n n e r  as
T E N E X  R u n f i l e .  7 d i a

C o l l e c t i n g  s e l e c t i o n s  f r o m  the  user  at  Command  Sequence
- ‘  e x e c u t i o n  t i m e . These may be used (p e r h a p s  more  t h a n

once d u r i n g  an e x e c u t i o n)  as user  s u p p l i e d  a r g u m e n t s  in
- • 

t he  c a n n e d  c o m m a n d s .  7 d l b

— T e s t i n g  c o n d i t i o n s  and  do ing  d i f f e r e n t  t h i n g s  based on
the  o u t c o me . The conditions may be user  i n p u t , van —
ab l e s , or the  r e s u l t s  of commands. Further , con tro l ‘ 

-

c o n s t r u c t s  a l low s e q u e n c e s  to  loop over  a g r o u p  of corn—
m a n d s  u n t i l  a specified condition is met. 7db

The CSP o p e r a t e s  i n d e p e n d e n t l y  of the  Command Language
I n t e r p r e t e r , and hence f u n c t i o n s  across  the ’ EXEC and all

— t o o l s .  The s e q u e n c e s  may c o n t a i n  c o m m a n d s  to run  a tool ,
f o l l o w e d by comman ds f o r  t he tool , fo l lowe d b y more EXEC
commands , and so f o r t h .  7d2

What the User Needs to Know 7e

A minimum of information is required to use the CSP. The
user  need not  l e a rn  a new l a n g u a g e  s ince  a Comman d Sequence
is constructed of user—level commands , written in textual
f o r m  e x a c t l y  as he would  see t h e m  when  e x e c u t i n g  such corn—
m a n d s .  The comman d words  are  wr i t t e n  in f u l l ;  noise  words
m a y  or may  not  be p r e s e n t .  7e 1

To have  the Comman d Se qu e n c e  pe r f o r m e d , t he us er ex ecutes  a
CSP command  ( a v a i l a b l e  at t he  EXEC and all  sp l i t  t o o l s) ,
s p e c i f y i n g  a Command  Sequence  name and arguments , if any.
As an a l t e r n a t i v e , he can  have  the  s e q u e n c e  name a v a i l a b l e
as a t o p — l e v e l  command in all grammars (EXEC and all split
tools). 7e2

A l t h o u g h  C o m m a n d  Sequences  c a n n o t  be i n v o k e d  f r o m  an u n s p l i t
tool wi thout escaping back to the EXEC , t h e y  can  spec if y
comman ds for unsplit tools. In t h a t  case , t he  Command  Se-.
q u e n c e  w i l l  c o n t a i n  the  t e x t  t h a t  wou ld  be t y p e d  to the  tool
f r o m  the  t e r m i n a l , w h i c h  may no t  be as r e a d a b l e  fo r  the  user

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
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as Command  S e q u e n c e s  fo r  s p l i t  t o o l s .  T h i s  is unavoidable
s ince  the command recognition mode of unsplit tools in gen-
eral cannot be controlled. 7e3

To t ake  a d v a n t a g e  of advanced CS? capabilities , the user
m u s t  Know t h e  s y n t a x  and s e m a n t i c s  of t he  c o n t r o l  c o n s t r u c t s
necessary to obtain selections from him , test variables ,

• p e r f o r m  l o o p i n g ,  e t c .  T h e s e  c o n s t r u c t s  a r e  as s i m p l e  and
intuitive as possible. 7e 14

Command Sequence Generation 71

A Command Sequence may be generated in several ways. The
most obvious is to write the text or retrieve and edit an
existing Command Sequence with an editor. However , there
are  more  c o n v i e n e n t  m e t h o d s .  711

— 

• 

A Command Sequence can be generated with the aid of’ the CSF’
- - 

- 
itself. Basically, the user executes a CSP command to begin
recording a Command Sequence. From that point on , every bit
of i n p u t  the user gives is incorporated into the Command Se-
q u e n c e .  This  i n c l u d e s  EXEC , split , and unsplit tool coin —
mands. This continues until the user terminates the record—
ing with another CSP c o m m a n d .  T h e  r e s u l t  is a Command  Se-
quence that can be invoked immediately or stored for future
use. 712

At “s t a r t  r ecor di n g” time the user may specify whether or
not to a c t u a l l y  e x e c u t e  the following (recorded) commands ;
t h a t  is , he may g e n e r a t e  a Command  Sequ ence  wit hout  act ua l l y
executing any commands. if unsplit tool commands are given
in t h i s  mode , t h e r e  is no feedback from the tool , since it
is not  r e a l l y  executing. For split tool and EXEC commands ,

• the command feedback is exactly as if t h e  c o m m a n d  were  e x e —
cu te d , except for messages that would come from the tool it—

• se l f  or f r o m  the  Works  M a n a g e r .  7 f 3

~~ The Command Sequence  G e n e r a t o r  Tool  may  a lso be used to
o r i g i n a t e  a Command  Se q u e n c e .  T h i s  tool  a i d s  t h e  use r  w h i l e
he s te ps t h r o u gh th e comman ds fo r  hi s se qu e n c e .  I t
simulates the “recording without executing ” case a b ov e , but
makes it possible to specify user input collection , testing,
branching, and looping points within the sequence. The re—
sult is again a Command Sequence ready for use with the CS?.
Th is tool also has  a “ d e b u g g i n g ” mode  w h e r e b y  Command
Seq uences  can  be e x e c u t e d  in s low m o t i o n  and  m o d i f i e d  if
nec essary . 7t’14

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
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Appendix 3: Command Sequence Processor Design Specifications

Comm and Se qu e n c e  Co nt ro l  Cons t r uc t s  7g

T h i s  s e c t i o n  is i n t e n d e d  to g i v e  t he  r e a d e r  an idea  of the
form and capabilities of the Command Sequence control
constructs. It may be incomplete in some respects. The
c o n t r o l  escape  c h a r a c t e r  is p r i n t e d  as an e x o l a im a t i o n  mark
(!). Command words  a re  c a p i t a l i z e d  and user  i n p u t  is m d i —
cated inside angle brackets (< and >). Noise words are in
parentheses. 7gi

All of the following commands may be executed when the user
is in any split tool or at the NS~ EXEC. They may also ap—

• pear in Command Sequences. Note that the “canned” Command
Sequence capability can be used when only the “recording ”
and “executing ” commands are known . The other control com-
mands are for more advanced capabilities. 7g2

• Executing Command Sequences 7g3

IDo (CS name) <name> 7g3a

This command causes the Frontend to execute commands
in the  Command Sequence  named  “ name ” . 7g3 a1

Recording Command Sequences 7g11

IStart Recording (CS name) <name> 7gka

< c o m m a n d s  to  be in Command Sequence  “ name ”> 7g 14b

I S t o p  R e c o r d i n g  ?g 14c

The Start and Stop commands are  used to c r e a t e  a Com-
mand Sequence named “nam e” . 7g4c1

Getting Selections from the User and Showing Strings 7g5

I ie xt ( f r o m  user i n to )  < v a r n a m e >  lg5a

!Character (from user into) <varname> 7g5b

I h o r d  ( f r o m  use r  i n t o)  < v a r n a m e >  7g5c

The above commands cause the Command Sequence Proces-
sor to collect the specified kind of selection from
the user rather than obtaining it from the Command Se-
quence text. After collecting the selection from the
user , the CSP stores the input in the named variable

On-L ine Programmers Management System:
F i n a l  T e c h n i c a l  R e p o r t

- 

- . 
~~~~~~~~~~~~~~~~~~~~ ~~~~ 

- _ _ i~~~~~~~~~~~~~~~~ —. -



S. ~~_~— -•_-.~~. -.--.~ -. -.—.—. - • _;_-_-.__-_ __ _ ____~~~~~,,S._••-_. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -

— - — • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

BL P HGL 1—May—79 16:01 47238
Appendix 3: Command Sequence Processor Design Specifications

(“ v a r n a m e ” here) and directs its attention back to the
Comma nd Sequence text. These commands m i g h t  be used
to allow the user to specify a file name or o t h e r  a r —

- gum ent in a command the Command Sequence is perform—
- ing. 7g5c1

ISe lection (from user into) <selvar> 7g5d

This command collects a specific kind of selection
- from the user. It is used when the Command Sequence

writer wants to get user input appropriate for a corn—
- 

-- mand in his Sequence. To do so , he specifies that
- co mman d , using the “Selection ” command at the point in

which user input is required. The Selection command
t h e n  looks  at t he  grammar fo r  t he  c o m m a n d  he is speci—

• fying to determine what kind of selection is needed
- 

from the user. The selection input is stored in
“ se lva r ” and at the  same t i m e  is provided as input to

- the selection instruction. In the following example

- 

- the user will give a selection for the Insert State-
ment command. The selection will be saved in variable

- “place ” for possible later use: 7g5d1

I n s e r t  Sta temen t I Seiect ion ( from user in to)
- <place> <CA> 7g5dla

!( <noise words> ) 7g5e

- The “ no ise  w o r d s ” c o m m a n d  ( )  puts the given text in the
- 

• 
command  f e e d b a c k  l i n e , a l l o w i n g  the  CS w r i t e r  to p r o m p t
the  u s e r  w i t h  t e x t  s t r i n g s .  ( S y n t a x  n o t e :  In t h i s  con—

- 
_ m and t he  p a r e n t h e s e s  i n d i c a t e  w h a t  t h e  user  i n s e r ts  in

his Command Sequence rather than noise words displayed by
a command.) The following illustrates t h e  use of t h i s

- 
- comm and. it shows how to c o l l e c t  a s t r i ng  f r o m  the  user
- and save i t :  7g5f

- l (  < s o m e  t e x t >  ) 7 g5f 1

lT ext (from user into) <save> 7g5f2

- Conditionals , Looping 7g6

-

_ 

- -  The following commands control the CSP’s path over the
- Comman d Sequence. Their arguments are single commands. 7g6a

~Begin (command group) <commands> lEnd 7g6b

L 
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The Begin and End commands make several commands
(those grouped between the commands) into a single

• command. 7g6b1

h f ’  <command> (then) <command> (else) <command> 7g6c

• The If’ command permits the execution of either one
comman d or ano ther , based on the result of the first

• command . Every command has a T r u e  or False r e s u l t
which determines whether the (then/True) or
(e l s e / F a l s e)  c o m m a n d s  are  e x e c u t e d .  A command  a lways
has the result TRUE unless on of the following
happens : 7g6c1

A remote (backend) call returns a failure result. 7g6c l a

A g lobal  v a r i a b l e  is e x p l i c i t l y  set by the  grammar
d u r i n g  command  e x e c u t i o n  ( t h e  v a r i a b l e ’s name  is
not specified at this time). 7g6clb

The CLI aborts the command for some r e a s o n .  7g 6 c l c

The command is “IFAL SE” . 7g6cld

lLoop (command> 7g6d

The Loop c o m m a n d  c auses  t he  s p e c i f i e d  “ c o m m a n d ”  to be
executed repeatedly. 7g6d1

l E x i t  ( l o o p )  7g6e

This command causes the CS? to stop performing the
innermost loop and continue with the command following
the Loop command. 7g6e1

lE e p e a t  Loop 7g6f’

• This causes t;he CS? to start over at the first command
of the current loop being performed . 7g6f1

- 

- 
Variables 7g7

Define (variable named) <varna m e> TgTa

I L o c a l (v a r ia b le n a m e d )  < l o c n a m e >  lg 7 b

The Define command defines a “global” var iable; that
is , t he  v a r i a b l e  can  be used by  a n y  C o m m a n d  S e q u e n c e .
A “local” variable , defined by the Local command , is

O n — L i n e  P r o g r a m m e r s  M a n a g e m e n t  S y s t e m :
Fina l Technical Report
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used o n l y  in one s p e c i f i c  Command  Sequence  and w i l l  be
deleted when that sequence is completed. A v a r i a b l e
d e f i n e d  by e i t h e r  command may  be an i n t eg e r , s t r i n g ,
or b o o l e a n .  The t y p e  is determined when a value is
as s igned  to i t .  7g7b 1

I Assign (variable) <varnam e> ( .... ) <expression> lg7c

The Assign command assigns a v a l u e  and t y p e  to t he
v a r i a b l e  ( e i t h e r  g loba l  or l o c a l) .  The e x p r e s s i o n  is
made  up of v a r i a b l e s , user  s e l e c t i o n s , and o p e r a t o r s .
(Although the operators are not specified at this
time , t h e y  w i l l  i n c l u d e  a d d i t i o n , s u b t r a c t i o n , and
string concatenation. ?glcl

hIest (variable) <varnam e> 7gTd

! Re l a t i o n  < e xp r e s s i o n >  (r e l a t i o n>  < e x p r e s s i o n >  7g7e

The Test and Relation commands are i n t e n d e d  to be used
as c o m m a n d s  w i t h i n  t he  if commands. The Test command
s i m p l y  sets  a c o n d i t i o n  f l a g  based  on t he  v a r i a b l e .
T r u e / F a l s e  r e s u l t s  w i l l  be d e f i n e d  f o r  a l l  variable
t y p e s .  The Relation coniand applies the relational op-
e r a t o r  to  two  e x p r e s s i o n s — — t h e  Relation command is
TRUE if and only if the specified relation is TRUE. 7g7e1

Iname 7g7f’

This command identifies a global or local name . it
may be a variable name or a Command Sequence name.
The Command Sequence will be executed or , if’ the vari-
able contains a string, treated as a Command Sequence
and executed. If the variable is not a string, a con-
dition flag will be set. 7g7f1

Mi sce l l a n e o u s

S < s o m e  t e x t >  ~ 7 g C a

A c o m m e n t  may  be i n s e r t e d  in t h e  C o m m a n d  S eq u e n c e  t e x t
anywhere a space is allowed , by surrounding the com-
ment with percent signs. lgCal

INui l 7g8b

The Null command does nothing and always has the value
TRU E. 7g6b1

On—L ine Programmers Management System :
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IF a l s e  7g8c
- 

- The False command does nothing and always has the
v a l u e  F A L S E .  7g8c1

l E c h o  ( y / n )  < Y or N > 7g8d

The Echo command determines whether or not the user
sees t he  normal command feedback text at his terminal
w h i l e  the Command Sequence is being executed . Echo I
will result in s h o w i n g  t he  user  the  f e e d b a c k  for each
command  as it is e x e c u t e d .  Echo N w i l l  r e s u l t  in
s h o w i n g  the  user o n l y  the  Command Sequence noise  words
d e f i n e d  by t he  no i se  word command . 7g8d 1

-
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Append ix 13: Proposed External Design for a Process System (PS ) :
A UCiIENT ~Journal (137188 ,), (Revised) bruce L. Parsley 8

• INTROD UCTION 8a

This document proposes an external design for a Process System (PS). ‘Ibi s
• includes the user interface —— primarily what relevant AUGMENT commands there

are —_ and a new artificial language called the Process Language (FL).
8al

The basic construct with which we are concerned here is called a “Process
Command Sequence” or “PCS”. This is basically a sequence of AUGMENT commands
as described in the text of statements in an AUGMENT file. PCSs are basi-
cally the same as the old Process Commands, but with several additional
features . 6a2

Almost nothing is said in this dooument about hL)h this proposed design might
be implemented , only external specifications are proposed here. Note also
that initially it would not be necessary to implement this design in ful l :
there are several features that could be added after the initial implementa-
tion. 8a3

Not much effort has been taken to make this document easy to understand be-
cause of its role as a draft language syntax. Further revisions are expected
containing examples and explanations where appropriate . 8a13

• USER INTERFACE bb

There are two ways to invoke a Process Command Sequence: with the AUGMENT
Process command and via a “User Command” . 8b1

NB: The meta—language used ~n this section to describe the syntax of AUG-
MENT commands is something of a mix between CML and the meta—language used
in ARC’s user documentation, plus some informalities of my own devising .
1 hope it’s understandable, Bbla

Process command : 8b2

This command , which is a universal command rather than Just a BASE corn—
mand , has the following syntax : 6b2a

Process FSTRLJCTURE (;t) SSEL (CONFIRM / PARAMETERS CONFIRM)
8b2a 1

FSTRU C~.URE = the “filtered structure” that will replace STRUCTURE
Bb2ala

PARAMETER S = see next section Bb2a lb

Note that this is nearly the same as the old Process command with the
added possibility of parameters , which are discussed in the next section .

1
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User Commands: 8b3

There is a facili ty for users to define and invoke their own User Com—
mands. 8b3a

Defining User Commands: 8b3b

A new command is added to the BASE subsystem with the following syntax :
8b3b1

Define User—command (at)  SSEL(Branch) (with level) (OK/ 1/2 ) CONFiRM
8b3bla

NB: The “OK” abov e •wil]. act the same as a “1” . 8b3blal

The indicated branch is assumed to be a properly formed PCS. In addi-
tion it must start with a “label” (see next section for the definition
of a label). The label is examined and used as the associated command
word . 8b3b2

Note that such User Commands are only “defined” for that session .
in subsequent sessions with AUGMENT the User Commands will be Un—
known . 8b3b2a

There is also one or more new commands in the USEROPTIO NS subsytem that
will provide for the definition of User Commands. User Commands

- I defined in this manner will be recognized in all subsequent AUGMENT
sessions until the user deletes/excludes the definition , e.g.,  by using
another command in USEROPTIONS. 8b3b3

This USEROP’IIONS feature is analagous to USEROPTIONS’ include (sub-
system/program) feature . Bb3b3a

Invoking User Commands: 8b3c

After a User Command has been “defined” by any of the EASE or
USEROP TIONS commands , the FrontEnd CLI will act as if “label” were a
universal command at the specified level. Then any time the user in—
puts the proper character(s) at the base command state of any sub-
system, the CL1 will act exactly as if the user had input the
following: 8b3c1

Process branch (at ) SSEL (branch) <OK> 8b3ola

PROCESS LANGUAGE Bc

Introduction Bol

Following is a complete , formal description of the syntax of the proposed
Process Language (Pt) .  8cla

On—Line Programmers Management System:
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The meta—languge in which the description is written is ARC ’s usual ver—
sion of BNF with the following additions: 8 d b

“#<foo , bar>” is equivalent to “too $(bar foo)” and
“$<foo, bar>” is equivalent to “Lfoo $(bar foo)]”, 6c1b1

i.e., a sequence of n foos separated by n— i bars; &clb la

“SF” means the character with code 40B (space) ; 8c1b2

“CA” means the character with code 013B (control—D , Command—Accept ) ;
8c1b3

• “CD” means the character with code 30B (control—X , Command—Delete);
8c1b 13

“CR” means any character except SP , CA , or ‘ ; 8cib5

“CR — > some character” means any number of characters termina’~.ed by,
but not including, the specified character. Thus, the modi ! -~d BNF
description of Label below, “Label = CE —> ‘:;“ says that a label is
any number (greater than or equal to one) of’ characters terminated by
(but not including) a colon. Bclb6

Note that PL is a fully typed and type—checked language . - PL is inter-
preted rather than compiled . Bcic

Some information about the semantics is included . Only things that are
novel or that might be obscure are discussed . Readers are assumed to be
familiar with typed , block—structured computer languages. Bcld

ProcesaCommandSequence lCommand ; 8c2

Command = NLSCoinmand / ProcessCommand ; 8c2a

NLSCommand = #Comman d Word
$(Seleotion/Parameter/Contirm/YesP4o/NoiseWords/L .evAdj /ViewSpecs)
( ‘~ Result]; 8c3

CommandWord = CR —> SP / ‘ ( CommandWordtkS ‘... . / CommandWordExp ] ‘
8c3a

Selection Cli —> CA / ‘ I SelectionthlS ‘.. / SelectionExp ] ‘ 1
8c3b

Parameter z Cli —> CA / ‘1 1 TextLIIS ‘... / Textbxp 1 ‘
Bc3c

Confirm CA / CD / ‘ I booleanLhS ‘... / booleanExp ] ‘
8c3d

YesNo = CA / ( ‘T/ ’y) — > SF / (‘N/’s) —> SP /
I BooleanLHS ‘_ / Booleanbxp I ‘1 ; Bc3e

• j  Noi seWords = ‘( —> ‘) / “ ( “  ( TextLhS ‘ / TextExp I “)~ “ ;
8c3f

- 
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LevAdJ $( ‘d/ ’u) [CA] / ‘1 1 TextLhS ‘ ... / TextExp ] ‘ t  ;
8c3g

- 
- ViewSpecs CA / CM — >  CA / ‘I I TextLHS ‘... / TextExp 3 ‘1

8o3h
Result = ‘: EooleanLhS; 8c3i

in the syntax for the NLSCommands, the alternatives before the last are
meant to represent the old Process Commands stuff. Note that it is not
quite accurate or complete, e.g., a user may have changed his/her Command-
Accept character , a CD occuring almost anywhere would screw up the
“parse”. 8c3.j

The semantics of alternatives of the form
‘ (LeftliandSide ‘_ ]  [E xpression ] ‘I

is as follows : 8c3k

8c3k 1

Characters are taken from the user until the “thing” the CLI is
looking for is complete . 8c3kla

~Lef’tliandSide~_~ 8c3k2

Characters are taken from the user until the “thing” the CLI is
looking for is complete and the value of the user response is stored
in the indicated LeftliandSide (a variable in the FL program) .

8c3k2a
bxpression 8c3k3

The Expression is evaluated and fed to the CL1 as if the user had
typed it in. 8o3k3a

Note that NLSCommands may have a Result . If an NLSCommand has a Result
present , the success or failure of’ the execution of that command is stored
in the indicated booleanLHS and is thus subsequently available to the FL
program. 8o3l

ProceasCommand = ‘1 C Label (Parametert ist] / Declaration / Statement )
8c14

Label = CM — > ‘ :; 8c13a

ParameterL ist = ‘( $<.ID ‘: Typeldentifier , ‘ ,> ‘); 8o1$b

ProcessCommands that have Labels can be used as objects of Process Branch
commands. If they are so used and have a Parametertist , the user will be
prompted to provide the values for the parameters. 8db

Declaration Label (Persistence ]
( Type Dec / VariableDec / ProcedureDec / RoutineDec ) ; 8o5

On—Line Programmers Management System:
Final Technical Report

56

____m —— ——--- — --- ___ —~ — -- -— - -—



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- -_
~~t~~~~~~~~~~~~~~~~-~~~~~~~L ~~~~~~~~

- -
~~~~~~~ 

-
~~~~~~~

- 
~~~~

!-
~~~~~~~

--
~~~~~~ ——_‘

~~~~~~~~~
-

-
• 

BLP RGL 1—May—79 16:01 117238
Appendi x 13: Proposed External Design for a Process Sys t em

— 

-
~ Label = Cli —> ‘ :; 8c5a

Persistence = “TEMPORARY ” / “SE(~UEN CE” / “S€SSION” ; 8c5b

Note that Declarations may occur anywhere in a FL program. Note also that
because PL programs are interpreted , the scope of a Declaration name is

• determined by the execution path , not lexically. A Declaration name is
known and may be referenced any time between the time the interpreter has
seen the declaration and the time the variable is destroyed . The

- 

~
• Persistence determines when the variable will be destroyed : 8c5c

TEMPORARY variables are destroyed when a RET’URN statement is executed.
8c5c1

SEQUENCE variables are destroyed when a FINISH statement is executed .
8c5c2

SESSION variables are destroyed when an AUGMENT “session” ends.
8c5c3

The default Persistence is TEMPORARY . 8c5c23

ly peDec = “TYPE” : TypeSpecification ; 8c5d

VariableDec = Ty peSpecif ication [(‘J’=) Expression] ; • 8c5e

ProcedureDec = ProcedureTS :
$( Declaration / Statement )
“ END .” ; 8c5f

houtineDec = RoutineTS ; 8c5g

ly peSpecif ication =
Array 1S / BooleanTS / CharacterTS / Commandbord’IS / EnumerationTS /
lntegerTS / IntervalTS / ProcedureT S / RoutineTS / Selection’IS /
TextTS ; 6c6

OrderedTS = SelectionTS / CountTS ;
CountTS = CharacterTS / EnumerationTS / IntgrtS

~~ lntgrTS IntervalTS / IntegerlS ; 8c6a

- 
• StringTs = CommandWordTS / SeleotiorilS / TextiS ; Bc6b

RangeTS IntervallS / EnumerationTld ; 6c6c

ArrayTS • ArrayTld / ArraylypeConstructor ;
booleanTS BooleanTid ;
CharaotertS Characterild ;
CommandWordTS • CommandWordTld ;

- 
~

- Enumeration TS z EnumerationTid / Enumeration1ypeConstruCtOr
lntegerTS = lntegerTld ;
IntervalT8 • intervalTld / lntervalTypeConstructor ;

- . Ovi4ine Programmers Management System :
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ra ProcedureTS = ProcedureTld / ProcedureTypeConstructor ;
RoutineTS = RoutineTld / RoutineTypeConstructor ;
SelectionTS = SelectionTid;
TextTS = Textild ; 8c6d

Arra yTypeConstr uctor = “ARRAY” RangeTS “OF” TypeSpecification;
8c6e

EnumerationTypeConstructor = ‘( #<.lD, ‘ ,> ‘1; 8c6f —

IntervalTypeConstructor (‘(/‘[) OrderedExp ‘, OrderedExp (‘)/‘])
Bc6g

ProcedureTypeConstructor = “PROCEDURE” [ParameterList] (ReturnaClause];
8c6h

ParameterList ‘C $<.ID ‘: Typeidentifier, ‘ , > ‘); 8c6h1

ReturnaClause = “RETURNS” ‘( $<Typeldentifier, ‘,> ‘); 8o6h2

RoutineTypeConstructor =
(“FEROIJT1NE”/”EEROUTINE”) [ParameterList] [ReturnsClause]; 6o6i

ParameterList = ‘( $<.ID ‘: Typeldentifier , ‘ ,> ‘); 8o6i1

keturnsClause = “RETURNS ” ‘( $<Typeldentifier , ‘,> ‘); 8c612

Before a Pt program can call an L1O routine in the FrontEnd or backend ,
the name and calling sequence of that routine must be specified. Note
that this is analagous to CML programs. 8c6i3

‘lypeldentifier =
ArrayTld / BooleanTid / CharacterTid / CommandWordTld / EnumerationTld /
IntegerTld / intervalTld / ProcedureTld / RoutineTld / SelectionTld /
TextTld ; 8c7

OrderedTld = SelectionTld / CountTld
CountTld = CharacterTId / EnumerationTid / IntgrTld
lntgrIld lntervalTld / IntegerTld ; 8c7a

Stringlid = CommandWordlId / SelectionTld / TextTld ; 8c7b

Rangeild = EnumerationTid / intervalTld ; 8c7c

ArrayTid = .ID;
BooleanTld = .1D / “BOOLEAN”
CharacterTid = .ID / “CHARACTER ”
Commandhordlld = .11) / “COMMAND—WORD”
EnumerationTld = .ID;

IntegerTld = .ID / “INTEGE R”
IntervalTid = .I D ;
ProcedureTld = .11) ;
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\
H houtineTld .ID; \

SelectionTid .1D / “SELECTION” ; \
TextTid .ID / “TEXT” ; \ 8c7d

Selections are meant to hold AUGMENT ad~resses in text form , i.e., they
should be convertable by ‘caddexp’, AUGM~.N1’ address evaluation routine,
into L1O TEXT POINTERS. Bc7e

Note also that when Selections are taken as pointers to nodes in a~ A UG—
MENT file tree structure , they are strictly ordered if they point to the

— same file. Thus there can be intervals/sequences of’ Selections that can
be iterated over . 8c7f

:1 Statement = [La bel) C
AssignmentStmt / BlockStmt / bumpStmt / CallStmt / CaseStmt / EchoStmt /
Exit~tmt / FinishStmt / GotoStmt / lfStmt / lterativeStmt / NullStmt /
RepeatStmt / ReturnStmt ) ; 8c8

Label = CM —> ‘ :; BcBa

Assignmentstmt #<LeftliandSide, ‘,> ‘ #<Expression , ‘,>; 8c8b

blockStmt = “BEGIN” $Statement “ END” ; 8c8c

BumpStmt = “BUMP”
• [“UP”/”DOWN”) #<CountLHS , ‘,> /

(“N EXT”/”BACK”/”SUCCES SOR”/”PREDECES SOR”) #<SelectionLHS , ‘ , >

8c8d
The defaults are UP and SUCCESSOR. 8c8d 1

Note that since Selections have order , they may be BUMPed .
8c8d2

CallStmt = “CALL” Call; BcBe

Call = ( koutineExp / SelectionExp ) [ ‘( $<Expression , ‘,> ‘) 3 ;
8c8e 1

Any of FEROUT INEs , BEROUTINEs , or Pt PROCEDURES may be Called .
8c8e2

CaseStmt = “CASE” Expression “OF”
#StmtChoice
“~~ENDCASE ” ‘: Statement ; 8c8f

StetChoice = ‘~ #<RelationTail, ‘ ,> ‘: Statement ; 8o8f 1

RelationTail =
(‘=/‘#) Expression /
(‘>/‘</“>= “/“<=“) OrderedExp /
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Note that since Selections have order , they may be compared/related
using any of the comparison/relational operators. Bc8f 3

EchoStmt = “ECHO” BooleanExp; 8o8g

The value of the BooleanExp determines whether the user will see things
happen in the Command Feedback Window. 8c8g1

ExitStmt = ( “EXITBLOCK” / “EXlTLOOP” / “EXITCASE” ) [IntgrExp];
8c8h

FinishStmt = “FiNISH” ; 8c8i

There is an implicit FinishStmt after the end of any PCS, whether the
limits of the sequence was determined by the selections in a Process
Group command or any other way. 8c8i1

GotoStmt = “GOTO” SelectionExp; 8c8j

IfStmt =
“IF” booleanExp “ThEN” Statement
(“ ELSE” Statement]; Bc8k

lterativeStmt =
( Iteration / Assignation ] (ConditionTest] “DO”

Statement
[ConditionTest); 8c8l

Iteration = I “FOR” OrderedthS ] “IN” RangelS I Increment];
8cBll

Increment =
(“UP ”/ ”DO WN ”) (lntgrExp] /
“USiNG” (“NEXT”/”BACK”/”SUCCESSOR”/”PREDECESSOR”) ; Bc8lla

The USiNG can be used only if the OrderedExp in the RangeTS is of
the Selection TYPE. Bc6llb

Assignation = “FOE” LefthandSide ‘... Expression ‘, Expression;
8c812

ConditionTest = (“WI4ILE”/”UNTIL”) booleanExp; 8c813

Nu].lStmt = “NULL ” ; 8c8m

RepeatStmt =
( “REPEATELOCK” / “REPEATLOOP ” ) [IntgrExp] /
“REPEATCASE” (Intgrlixp] “WITH” Expression; Bc8n

heturnStmt = “RETURN” I ‘( $<Expression, ‘ ,> ‘) 3; 8c8o

A ReturnStmt executed at that “highest” level acts as a FinishStmt .
• Bc8ol
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Appendix 14: Proposed External Design for a Process System

LefthdndSide = LHSList /

j ArrayLHS / BooleanLhS / CharacterLHS / CommandWordLliS / EnumerationLhS /
lntegerLliS / lntervalLhS / ProceduretHS / koutineLHS / SelectionLhS /
Tex tLHS ; 8c9

LhSList = ‘( 2#<LeftliandSide, ‘ ,> ‘) ; 8c9a

This form may be used to store multiple return values from a Call.
6c9a1

OrderedLhS = SelectionLfiS / CountLhS
CountLHS = CharacterthS / EnumerationLh S / IntgrLliS
lntgrLHS IntervalLhS / IntegertliS ; ôcSb

StringLliS = CommandhordLhS / SelectionLhS / 1extLhS ; 6c5c

RangeLHS = EnumerationLHS / lntervalLHS ; 8c9d

ArrayLHS = .ID / IndexedReference
BooleanLHS = .ID / Indexediteference
CharactertHS = .lD / IndexedReference
ComxnandhordLhS = .ID / lndexedReference
EnumerationLliS = .ID / lndexedReference
IntegertRS = .ID / IndexedReference
IntervalLHS = .1D / IndexedReference
ProcedureLHS = .ID / lndexedheference
RoutineLliS = .ID / Indexedkeference
Select ionLHS = .ID / indexedheference
TextLHS = .lD / Indexecheference ; 8c9e

indexedReference = ArrayLliS ‘t OrderedExp ‘3 ; Bc9f

Expression =
ArrayExp / BooleanExp / CharacterExp / ComnandWordEx p / EnumerationEx p /
lntegerExp / IntervalExp / ProcedureExp / RoutineLxp / SelectionExp /
lexthxp ; 8c10

OrderedExp = SelectionExp / CountExp
CountExp = CharacterEx p / EnumerationExp / intgrEx p
IntgrEx p = IntervalExp / lntegerExp ; 8c l Oa

StringExp = CommandhordExp / SelectionExp / TextExp ; 8clOb

RangeExp = EnumerationExp / IntervalExp ; 8clOc

ArrayExp = AnyTypeExp / ‘[ #<Expression , ‘,> ‘) ; BciOd

BooleanExp AnyTypeExp / 6clOe
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Appendix 4: Proposed External Design for a Process System

EooleanExp “OR” BooleanExp /
booleanExp “AND” EooleanExp /
“NOT” BooleanExp / 8ciOel

Expression ( ‘ =/ ‘# )  Expression /
OrderedExp ( ‘ > / ‘ </ “ > = “ /“<= “) OrderedExp /
OrderedExp [“NOT”) “IN” BangelS / 8c10e2

“EXiST” ‘C SelectionExp ‘) / BclOe3

This expression will test whether or not the specified AUGMENT ad—
dress actually exists. 8c lOe3a

“TRUE” / “FALSE” ; 8c10e13

CharacterExp = AnyType Exp / (“F lRST”/”LA ST”) intervalTid / .SR 1
8o lOf

The OrderedEx p associated with the IntervalTid must be of CHARACTER
TYPE. 8clOfi

CommandWordExp AnylypeExp / .SR ; 8clOg

EnumerationExp = An yT ypeExp / (“FIR ST”/”LAS T”) EangeTid ; 8olOh

The OrderedExp associated with the RangeTld must be of Enumeration
TYPE. 8clOh i

IntegerExp = AnyTypeExp / SclOi

lntgrEx p (‘ +/ ‘ — ) IntgrExp /
IntgrExp (~*/~//flMODI ) IntgrExp /
‘— lntgrExp 8clOil

“LEVEL ” ‘( SelectionExp ‘) / 8c10i2

The AUGMENT “level” of a statement. BclOi2a

• (ArrayLHS/StringLliS/.SR/RangeTld ) “ .L” /
(“FIEST”/”LAsT”) fiangeTld / 8c10i3

(“M IN ”/ ” MA X ” ) ‘ C  2#<i ntgrExp, ‘ ,> ‘) /
“ABS” ‘( IntgrExp ‘) / 6c10i13

.NUM ; 8c10i5

IntervalExp AnyTypeExp / 8c10j
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Appendix It : Proposed External Design for a Process System

lntervaiExp ( ‘ +/‘ — ) intervalExp /
lntervalExp ( ‘‘/ ‘// “MOD ”) IntervalExp /
‘— IntervalEx p 8ciOj i

“LEVEL” ‘( SelectionExp ‘) / 8c10j2

The AUGMENT “level” of a statement. 8clOj2a

(ArrayLHS/StringLhS/ .SR/RangeTld) “.L” /
(“FlR ST”/”LAST”) RangeTld / 8c10j3

(“ MlN ” / ” MAX ” ) ‘( 2#<IntervalExp , ‘ , > ‘) /
“ABS” ‘ C  IntervalExp ‘) / 8clOjIt

.NUM ; 8c10j5

ProcedureExp = AnyTypeExp / ‘$ ProcedureLHS ; SciOk

RoutineExp = AnyTypeExp / ‘$ RoutlneLHS ; BolOl

• 
SelectionExp AnylypeExp / SciOn

(“BACK”/”DOWN”/”END”/”HEAD”/”NEXT”/”ORiUlN”/
“PREDECESSOR”/”SUCCESSOR”/”TAlL”/”IJP”)

‘C SelectionExp ‘) / 8clOml

These Expressions ennable moving around AUG MENT tree—structured
files . 8clOml a

.SR ; 8c10m2

TextExp = AnyTypeExp / .SR ; BciOn

AnyTypeExp = ‘( Expression ‘) / .1D /
AssignmentExp / Call / CaseExp / IfExp / IndexedReference / UserExp

8c 100
AssignmentExp = LefthandSide (‘..../“ := “) Expression ; Bc bO o l

Call = ( RoutineExp / SelectionExp ) ‘( $<Expression , ‘ ,) ‘)
8c10o2

Any of FER OUTINEs , BEROUT1NE5 , or PL PROCEDURES may be Called .
8ciOo2a

CaseEx p = “CASE” Expression “OF”
#ExpChoice
“ ENDCASE” ‘: Expression ; 8c10o3

f ExpChoice ‘1 #<RelationTail , ‘ ,> ‘: Expression ; 8clOo3a

Relationlail
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Appendix 13: Proposed External Design for a Process System

(‘=/‘#) Expression /
( ‘>/ ‘< /“>= “/“<=“) OrderedExp /
[“NOT”) “IN” fiangeTS ; 8clOo3b

lfEx p = “IF” BooleanExp “THEN ” Expression “ELSE” Expression ;
8c10o14

IndexedReference = ArrayLH S ‘[ OrderedEx p ‘1 ; 8c10o5

UserExp = ‘ 1 (LeftHandSide ‘ ... / Typeldentifier) ‘ ; 8c10o6

The user will be interactively prompted to provide a value. The
user—provided value will be evaluated according to the TYPE indi-
cated by the LeftHandSide or lypeldentifier . BclOo6:t

The user will be inputting a LSEL. Thus he or she may BUG rather
than type . 8clOo6b

CNwM = Comment / NoiseWords / Message ; 8c11

Comment = ‘% —> ‘%; 8clla

Noisehords = ‘C —> ‘ ) ;  Bci ib

Message = ‘; — > I ;; 8 d b

A CNwM may appear any place a space may appear. Comments are ignored .
The value of a NoiseWord will appear in the Command Feedback Window
enclosed in parentheses. The value of a i4essage will appear in the IT!
Window enclosed in semi—colons. Scu d

both NoiseWords and Messages may be variable. They both may contain: ‘~~

Expression ‘1. if so, the Expression is evaluated , converted to text if
necessary , and shown in the appropriate window. Bclle
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Glossary

Glossary 9

-

• 
CML: The Command heta Language. The user interface of’ all NLS subsystems is
specified in CML . 9a

— DAD : Do—All Debugger 9b

encapsulation : There is a facility for encapsulating programs for NLS. This

• facility allows programs (.sav or .exe files) that were written without NLS
in mind to be executed as sub—forks of NLS. encapsulated programs may get
their input from NLS files or, to a degree , interactively from the user.

• Similarly for the output from encapsulated programs . Currently the Heta ,
L1O , and CML compilers are encapsulated . 9c

f ork: TENEX ’s term for what is most often called a “process” in computer
terminology 9d

iNCLUDE statement: We have facility for “including” a group of statements
from any NLS file as if that group of’ statements were actually present in

— place of the INCLUDE statement. Se

inoex , a LiBRA RY : An index file is produced by the LiBRARY subsystem from a
source code file. lt contains a sorted list of all the global variable and

- j procedure names in that module with pointers to their locations in the source
cod e file. See “SysGuide”. 9f

JDAD : JOViAL DAD 9g

L1O: An ALGOL—like language with additional string manipulation facilities.
Lb is the primary implementation language of’ NLS. 9h

L1ERARY subsystem: An NLS subsystem that will conditionally perform various
clerical and bookkeeping chores on a collection of modules , e .g. ,  compiling,
loading , printing , indexing, contructing SysGuides. The reference manual may
be found in (29151 ,>. 9i

Meta : A “meta—compiler ” sys tem used to produce compilers. L10 , CML , and of
course Meta are written in Meta. 9j

t PROGRAM S subsystem : An NLS subsystem having commands of use to programmers,
e.g., Compile , insert Procedure . Users ’ documentation may be found in
<ArcDocumentation , Program s , > . 9k

subsystem , an NLS: NLS may be viewed as a collection of subsystems . Each
subsystem has a collection of command s that are functionally related , e .g. ,
the BASE subsytem has editing commands (and some others). 91.

I
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SysGuide : A sorted collection of indices (see “index ” above) . Typically a
LI SysGuide will contain the indices from all the modules in the entire scope of

an address space (in a fork or .sav file). A SysGuide may be used in the NLSH Jump (to) Name External command . Sm

template: See <SsSrc ,Programs—Temp].ates,>. A group of NLS statements used
by the PROGRAMS -subsystem Insert command , e.g., 9n

UNTiL until—clause DO 9n1

bEGiN - 9nla

END; 9nlb

templates file: An NLS file containing templates, see
<SsSrc ,Programs—Teniplates , > . 90
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